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PROMISCUOUS G-PROTEIiN COMPOSITIONS AND THE»R USE 

CROSS REFERENCE TO RELATED APPLICATIONS 
This application claims pnonty under 35 U.S.C. Section 119 to provisional patent 
application 60/020.234 filed on June 21. 1996, by Negulescu et al.. which is herein 
incorporated by reference and of which this application is a continuation in pan. 

Field of the Invention 

The invention relates to compositions and methods for identifying G-protein 
coupled receptors (GPCRs)-and compounds that modulate activity of G-protems or their 
receptors. 



Background 

Many physiological signals (e.g.. sensory, hormonal and neurotransminer signals) 
are transduced from extracellular to intracellular environments by cell surface receptors 
termed G-protein coupled receptors (GPCRs) (for a review, see Neer, 1995, Cell 30:249- 
257). Typically, GPCRs contain seven transmembrane domains. Putative GPCRs can be 
identified on the basis of sequence homology to known GPCRs. 

GPCRs mediate signal transduction across a cell membrane upon the binding of a 
ligand to an extracellular ponion of a GPCR. The intracellular portion- of a GPCR 
interacts with a G-protem to modulate signal transduction from outside to mside a cell A 
GPCR is therefore said to be "coupled" to a G-protem. G-proteins are composed of three 
polypeptide subunits: an o subunit, which binds and hydolyzes GTP. and a dimenc Py 
subunit. In the basal, inactive state, the G-protem e.xists as a heterotnmer of the a and pv 
subunits. When the G-protein is inactive, guanosine diphosphate (GDP) is associated 
with the a subunit of the G-protein. When a GPCR is bound and activated by a iigand. 
the GPCR binds to the G-protein heterotnmer and decreases the affinity of the Ga 
subunit tor GDP. In its active state, the G submit exchanges GDP for guanine 
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tnphosphate (GTP, and active Ga subun.t d.sassocatcs from both the receptor and the 
d:r:ienc Pv subunit. The dtsassocated, active Ga subunit transduces signals to effectors 
that are -dovvT^stream" ,n the G-protem signalling pathway wuhin the eel!. E vcntuail . . 
the G-procem-s endogenous GTPasc activity returns active G subun.t to its inactive state, 
in which it is associated with GDP and the dimeric py subunit. 

Numerous members of the heterotnmenc G-protem family have been cloned, 
mcludmg more than 20 genes encoding various Ga subunits. The vanous G subunics 
have been categorized into four families, on the basis of am.no acid sequences and 
functional homology. These four families are tenned Ga,. Ga,. Ga,. and Ga„. 
Functionally, these four families differ with respect to the intracellular sisnalino 
pathways that they activate and the GPCR to which they couple. 

For example, cenain GPCRs normally couple with Ga, and, through Ga,. these 
GPCRs stimulate adenyiyl cyclase activ.ry. Other GPCRs normally couple w,th Ga,. and 
through Ga„ these GPCRs can activate phospholipase C (PLC), such as the P isofor^ of 
phosphol.pase C fPLCP) fStemweis and Smrcka. 1992. Trends ,n Biochem. Sci. ll ^cr. 
506). 

Certain G-proteins are considered "promiscuous" G-protems because their G 
subunits allow them to couple with GPCRs that normally couple with G-prote.ns of other 
families. For example, two members of the Ga, family, human Ga., and ,ts munne 
homolog Ga^.have been shown in transient cell-based systems to possess promiscuous 
receptor couplmg. Although G-protems havmg these G subunits are promiscuous with 
respect to the GPCR with which they couple, these G-proteins retain the ability to couple 
^vuh a specific downstream effector. In other words, regardless of which receptor is used 
to activate these G-proteins. the active promiscuous G subunit nonetheless activates 
PLCP. 
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SUMMARV OF THE INVENTION 

The invention provides for the first time, a stable, isolated cell that expresses, 
h-om a constrrict. a Ga subunic of a promiscuous G-protein (e.g.. Ca„ or Ga„). In a 
preferred embodiment, a polynucleotide encoding a promiscuous G subunit is linked to 
an inducible promoter on the construct. To detect activation of the promiscuous G- 
protem. the cell can include an additional construct that includes a reponer gene operably 
linked to a promoter that is activated (usually indirectly) by an active G subunit of a 
promiscuous G-protein. For the first time, these ceils allow occupation of any G-protein 
coupled receptor (GPCR) by a l.gand to be detected using a signal transduction detection 
system, such as expression of a reponer gene. Other signal transduction detection 
systems include detecting changes in mtracellular activity, such as methods of detecting 
G-protein activation from changes m calcium levels m the cell. Preferred methods for " 
detecting expression of the reponer gene involve detecting a change in fluorescence 
emission from a sample that includes the cell containing the reponer gene. 

.Another key.aspect of the invention is functional selection of stable cell lines. 
Stable cell lines can be functionally selected using a signal transduction detection svstem 
as descnbed herein. Stable cells are generated that tolerate the expression of a target 
protein (such as an ion channel, kinase, phosphohpase. phosphatase, transcnption factors 
or GPCR) or a signal transduction coupling protein (e.g. G protem) or both. 

The cells of the invention can be employed in methods for (i) determining 
whether a polypeptide is a GPCR for a given ligand; (ii) determining whether a " test" 
hgand IS a Iigand for a given GPCR; (i.i) functionally charactenzmg the ability of a 
l.gand to activate vanous GPCRs; and (iv) determmmg whether a compound modulates 
signal transduction in a cell (e.g., as an agomst or antagonist). 

•Another aspect of themvention includes, a method of a identifying of a liaand for 
a GPCR, the method comprising: — 

a) contacting a cell with a test chemieal. wherein said cell is expressing a GPCR and 
anses from a cell line subjected to ftinctionai cell analysis with a signal 
transduction detection system ; and 

b) detecting a signal with a signal transduction detection system. 
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A related aspect of the invention includes, a method for idcntifi/mg moduiators of 
signal transduction in a cell, the method comprisinu 

c) contacting a cell with a compound that directly or indirectly activates a Ga 
protein encoded by a polynucleotide, wherein said cell arises from a ceil line 
subjected to functional cell analysis with a signal transduction detection system. 

d) contacting said cell with a test chemical, and 

e) detecting a signal with a signal transduction detection system. 

The invention also includes, a method for identifying a GPCR for a ojven lisand 
or method of identifying a modulator of a GPCR, the method compnsing: 
0 expressing a putative GPCR or a GPCR of known function in a cell, wherein said 
cell anses from a cell line subjected to functional cell ar.alvsis with a sicma! 
transduction detection system; 

g) contacting contacting said cell with a test chemical or a ligand known to be a 
GPCR ligand; and 

h) detecting a calcium level wiihjn said cell. 

Also included within the invention, are kits that components for signal 
transduction detection systems and cells of the invention. 

The invention also includes methods of identifying modulators that do not employ 
a GPCR, but which employ direct activators of G-protems. 
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Brief Description of the Drawings 

Fig. I shows uses of promiscuous Ga-protein to detect activation of a varicrv' of 
GPCRs. Three major classes-of GPCRs are diagrammed coiipiing to the:r endogenous 
signaling cascade. Promiscuous G-protem expression will allow vanous classes to 
couple to the PLC cascade. 

Fig. 2 shows one embodiment of the invention that can be used for screenine for 
Gq tvpe G-protein activation. Modulation of GPCR activity initiates sienalino cascade 
via PLC. PLC signals can be detected usmg NFAT responsive element linked to a 
transcriptional readout (e.g. reporter gene). 

Fig. 3 is a copy of a photograph of a Western blot. Lanes correspondms to 
samples that lacked or contained doxycyclin are indicated by and respectively. 
Lanes 1-4 show inducible expression of Ga.j in rwo disimct clones of COS-7 cells. 
Lanes 5-8 show inducible expression of Ga,^ in rwo distinct clones. Ga,5 and Ga,^ each 
appear as a species havmg a molecular weight of approximately 43 kDA in each of the 
lanes. As a negative control, COS-7 cells were analyzed in lane 9. The predicted 
molecular weight of Ga subunit is 43-45 kJDa. 

Fig. 4A is a graph showing the ionomycin dose response, as measured by 
fluorescence emission of living cells that express P-lactamase reporter gene, and which 
were contacted with a fluorogemc (J-lactamase substrate. Because the NFAT response 
element usually requires both a calcium increase and protein kinase C activation, these 
cells were also treated with.lOnm PMAFig. 4B is a graph showing the PMA dose 
response of living cells that express a P-lactamase reporter gene, and^^hich were 
contacted with a fluorogenic p-lactamase substrate. In this case, all samples were al'so 
treated with 2uM ionomycin. 

Fig. 5 is a graphic representation of the emission spectrum of the p-lactamase 
substrate CCF2 before and after it is cleaved by p-lactamase. 

Fig. 6 shows the results of an NFAT p-lactamase transcription based assay using a 
heterologouly express GPCR (Gq subtype) in the presence of agonist, agomst and 
antagonist or solvent for agonist ("non-stimulated" control). 
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Fig. 7 shows activation of a Gas subtype GPCR (panels A-C) and a G.xi subtvne 
GPCR (panels D-F) using promiscuous Gu protein in a cell-based ( transient :ransfection 
of all constructs) calcium indicator assay (FUR.\-PE3 ). 

Panel A: 60 seconds a trer staninL' of the experiment. iOuM agonist solution was 
added to the cells transfected by pCIS/Ga 1 6 and Gs-receptor expression piasmids, ■ 

Panel B: 60 seconds after stoning of the experiment. lOuM agoinst solution was 
added to the cells transfected by both pCIS/Ga 16 alone. 

Panel C: 60 seconds after starting of the expenment. lOuiM agonist solution was 
added to the cells transfected by Gas receptor expression plasmid alone. 

Panel D: 60 seconds after stanmg of the experiment. lOuM agonist solution was 
added to the cells transfected by pCIS/Gal6 and Gai-receptor expression piasmids. 

Panel E: 60 seconds after stanmg of the experiment, lOuM agonist solution was 
added to the cells transfected by pCIS/Ga 16 alone. 

Panel F: 60 seconds after staning of the experiment, lOuiVI agonist solution was 
added to the cells transfected by Gai-receptor expression plasmid alone. 

Fig. 8 shows activation of a Gas subtype GPCR using promiscuous Ga protein in 
a cell-based (stably transfected constructs for both the promiscuous Ga-protein and 
GPCR) calcium indicator assav. 

Panel A: Calciuin imaging of the Gal S/Gas-receptor dual stable pool.2, lOum 
agonist was added 40 seconds after the staning of the experiment. 

Panel B: Calcium imaging of the Gas-receptor stable pool-2. lO^VI agomst was 
added 40 seconds_after the stanmg of the experiment. 

Panel C: Clacium imaging of the Gal 5 stable pooNH. lO^iM agoinst was added 
40 seconds after the staning of the experiment. 
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DEFTMTiONS 

Unless defined otherwise, all technical and scientific terms used herein have the 
same meaning as commonly understood by one ofordmary skill m the an to which th:s 
invention belongs. Generally, the nomenclature used herein and the laboratorv 
procedures m spectroscopy, drug discovery, cell culture, and molecular genetics 
descnbed below are those well known and commonly employed in the art. Standard 
techniques are typically used for preparation of signal detection, recombinant nucleic acid 
methods, polynucleotide synthesis, and microbial culture and transformation fe.^., 
electroporation, and iipofection). The techniques and procedures are generally performed 
according to conventional methods in the an and various general references (see 
generally, Sambrook et al. Molecular Clonmg: A Laboratory Manual, 2d ed. 0989) Cold 
Spnng Harbor. Laboratory Press, Cold Spring Harbor, N.Y., and Lakowicz, J.R. 
Principles of Fluorescence Spectroscopy , New York: Plenum Press f 1983) for 
fluorescence techniques, which are incorporated herein by reference) which are provided 
throughout this document. Standard techniques are used for chemical syntheses, ' 
chemical analyses, and biological assays. As employed throughout the disclosure, the 
following terms, unless otherwise indicated, shall be understood to have the followinc^ 
meamngs: 

"Fluorescent donor moiety'* refers to the radical of a fluorogenic compound, which can 
absorb energy and is capable of transferring the energy to another fluorogenic molecule or part 
of a compound. Suitable donor fluorogenic molecules mclude, but are not limited to, coumanns 
and related dyes xanthenc dyes such as fluoresceins, rhodols, and rhodamines, resorufms, 
cyanine dyes, bimanes, acridines, isoindoles, dansyl dyes, aminophthalic hydrazides such as 
luminol and isoluminol derivatives, aminophthalimides, aminonaphthalimides, 
aminobenzofurans, aminoquinolines, dicyanohydroquinones, and europium and terbium 
complexes and related compounds. 

"Quencher" refers to a chromophoric molecule or pan of a compound, which is 
capable of reducing the emission from a fluorescent donor when auached to the donor. 
Quenching may occur by any of several mechanisms including fluorescence resonance 
energy transfer, photoinduced electron transfer, paramagnetic enhancement of 
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mtersystem cross.ng. Dexter exchange couphng. and excaa.on coupl.ng such as ,he 
formauon of dark complexes. 

"Acceptor" refers to a quencher that operates v,a fiuorescence resonance e:,...- 
transfer. Many acceptors can re-em.t the transferred as energy as fluorescence. Examples 
.nc.ude cout^anns and related fluorophores. xanthenes such as fluoresce.ns. rhodols and 
rhcdamtnes. resorufms, cyan.nes, difluoroborad,aza,ndacenes. and phthalocvanines 
Other chem.cal classes of acceptors generally do not re-em,t the transferred ener^v 
Examples mclude md.gos. benzoqu.nones. anthraqumones. azo compounds, n, J 
compounds, indoanilines, di- and triphenylmethanes. 

"Bmdmg pa,r" refers to t^vo mo.et.es (e.g. chem.cal or b.ochemica!) that have an 
affimty for one another. Examples of binding pairs include ant.gen/antibodtes 
lcctm.av,dm. target polynucleot.de/probe ohgonucleot.de. ant.bodv/anti-ant.bodv 
recepto.i.gand, enzyme/Ugand and the l.ke. "One member of a b.ndmg pair" refers to 
one moiety of the pair, such as an antigen or ligand. 

"Dye" refers to a molecule or pan of a compound that absorbs specific 
frequencies of light, including but not limited to ultraviolet light. The ternis -dye" and 
'chromophore" are synonymous. 

"Fluorophore" refers to a chromophore that fluoresces. 

"Membrane-permeant denvative" refers a chemical denvative of a compound that 
has enhanced membrane pemieabiliry compared to an underivativized compound 
Exarnples include ester, ether and carbamate derivatives. These derivatives are made 
better able to cross cell membranes, i.e. membrane permeant,. because hydrophilic eroups 
are masked to provide more hydrophobic derivatives. Also, maskmg groups are deigned 
to be cleaved from a precursor (e.g., fluorogenic substrate precursor) within the cell to 
generate the denved substrate intracellularly. Because the substrate is more hvdrophilic 
than the membrane permeant derivat^e it is now trapped withm the cells 

"Isolated polynucleotide- refers a polynucleotide of genomic. cDNA. or synthetic 
ongm or some combination there of. which by virtue of its origin the "isolated 
polynucleotide" (,) is not associated with the cell in which the "isolated polynucleotide ' 
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IS found in nature, or (2.) is opcrably hnked to a polynucleotide which it ,s not linked to in 
nature. 

"Isolated protein" refers a protein, usually of cDNA. recombinant RNA. or 
svTithctic ongin or some combination thereof, which by vinue of its ongm the "isolated 
protein" (1 ) is not associated with protems that it is nonnaily found with in nature, (2.) is 
isolated from the cell m which it nonnaily occurs. (3) is isolated free of other proteins 
from the same cellular source, e.g. free of human proteins, (4) ,s expressed by a cell from 
a different species, or (5) does not occur in nature. "Isolated naturally occumng protein- 
refers to a protein which by virtue of its origin the "isolated namrally occumng protein" 
f 1 j IS not associated with proteins that it is normally found with in nature, or (2) is 
isolated from the cell in which it nonnaily occurs or.(3) is isolated free of other proteins 
from the same-cellular source, e.g. free of human proteins. 

"Polypeptide" as used herein as a generic term to refer to native protein, 
fragments, or analogs of a polypeptide sequence. Hence, native protein, fragments, and 
analogs are species of the polypeptide genus. Preferred Ga polypeptides, include those 
with the polypeptide sequence represented in the SEQUENCE ID LISTING and any 
other protein having activity similar to such Ga proteins as measured by one or more of 
the assays descnoed herem. SEQ. ID NO.: 1 is Ga„ (munne). SEQ. ID NO. 2 is Ga,, 
(human). Ga polypeptides or proteins can include any protein having sufficient activir>- 
for detection in the assays described herein. 

"Namrally-occumng" as used herein, as applied to an object, refers to the fact that 
an object can be found in nature. For example, a polypeptide or polynucleotide sequence 
that ,s present in an organism (including vinises) that can be isolated from a source in 
namre and which has not been mtentionally modified by man in the laboratory is 
naturally-occurring. 

"Operably linked" refers to a juxtaposition wherein the components so described 
are m a relationship permitting them to function in their intended manner. A control 
sequence "operably linked" to a coding sequence is ligated in such a way that expression 
of the coding sequence is achieved under conditions compatible wuh the control 
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sequences, such as when the appropnate molecules (e.g.. inducers and poimerases) are 
bound to the control or regulatory scquence(s). 

"Conrrol sequence" refers to polynucleotide sequences which arc necessary to 
effect the expression of coding and non-coding sequences to which they are ligated. The 
nature of such control sequences differs depending upon the host organism; m 
prokaryotes. such control sequences generally include promoter, nbosoma! binding sue, 
and transcnption termination sequence; in eukaryotes. generally, such control sequences 
include promoters and transcnption temiination sequence. The terni "control sequences- 
is intended to include, at a minimum, components whose presence can influence 
expression, and can also include additional components whose presence is advantageous, 
for example, leader sequences and fusion panner sequences. 

"Polynucleotide" refers to a polymenc form of nucleotides of at least 10 bases in 
length, either nbonucleotides or deoxynucleotides or a modified form of either type of 
nucleotide. The term includes single and double stranded forms of DNA. 

Two amino acid sequences are homologous if there is a panial or complete 
identity between their sequences. For example, 85% homology means that 85% of the 
ammo acids are identical when the two sequences are aligned for maximum matching. 
Gaps (in either of the rwo sequences being matched) are allowed m maximizmg 
matching; gap lengths of 5 or less are prefeaed with 2 or less being more prefeLd. 
Alternatively and preferably, two protein sequences (or polypeptide sequences derived 
from them of at least 30 amino acids in length) are homologous, as this term is used 
herein, if they have an alignment score of at more than 5 (in standard deviation units) 
using the program ALIGN with the mutation data matrix and a gap penalty of 6 or 
greater. See Dayhoff. M.O.. in Atlas of Protein Sequence and Stnicture. 1972, Volume 5, 
National Biomedical Research Foundation, pp. lOI -110. and Supplement 2 to this 
volume, pp. 1-10. The two sequences or parts thereof are more preferably homologous if 
their amino acids are greater than or equal to 30% identical when optimally aligned" using 
the ALIGN program. 

"Con-esponds to" refers to a sequence that is homologous (i.e.. is identical, not 
strictly eyolutionanly related) to ail or a ponion of a reierence sequence. 

10 



BNSDOCIO <:WO_ 974eS20AI I . 



wo 97/48820 PCT/US97/ 1 0642 

The foilowmg terms are used lo descnbc the sequence relationships between tv.o 
or more polynucleotides: "reference sequence," "companson window," "sequence 
identiry." "percentage of sequence identity." and ''substantiai identir\'." A "reference 
sequence" is a defined sequence used as a basis for a sequence companson; a reference 
sequence may be a subset of a larger sequence, for example, as a segment of a full-icneth 
cDNA or gene sequence given in a sequence listing such as a SEQ. ID NO. 1, or may 
comprise a complete cDNA or gene sequence. Generally, a reference sequence is at least 
400 nucleotides in length, frequently at least 600 nucleotides in length, and often at leas; 
800 nucleotides m length. Since two polynucleotides may each (I) compose a sequence 
(i.e., a portion of the complete polynucleotide sequence) that is similar between the two 
pot;/nucleotides, and (2) may flinher compnse a sequence that is divergent between the 
two polynucleotides, sequence compansons between two (or more) polynucleotides are 
rypically performed by companng sequences. of the rvvo polynucleotides over a 
"companson wtndow" to identify and compare local regions of sequence similanty. A 
"comparison window," as used herein, refers to a conceptual segment of at least 20 
contiguous nucleotide positions wherein a polvT.ucleotide sequence may be com.pared to a 
reference sequence of at least 20 contiguous nucleotides and wherein the ponion of the 
polynucleotide sequence in the comparison window may compnse additions or deletions 
(i.e.. gaps) of 20 percent or iesj as compared-to the reference sequence (which does not 
compnse additions or deletions) for optimal alignment of the two sequences. Optimal 
alignment of sequences for aligning a comparison window may be conducted by the local 
homology algorithm of Smith and Waterman (1981) Adv. Appl. Math. 2: 4S2, by the 
homology alignment algorithm of Needleman and Wunsch (1970) J. Mol. Biol. 4S: 443, 
by the search for similanty method of Pearson and Lipman (198S) Proc. Natl. Acad. Sc;. 
-{U.S.A.) 85: 2444, by computerized implementations of these algorithms (GAP, 
BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software Package Release 
7,0, Genetics Computer Group, 575 Science Dr., Madison, Wl), or by inspection, and the 
best alignment (i.e., resulting in the highest percentage of homology over the companson 
window) generated by the various methods is selected. The term "sequence identir. " 
means that two polynucleotide sequences are identical (i.e., on a nucleotide-by-nucieoud:^ 
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bas.s) over the wmdow ofcompanson. The term "pcrcentaize of sequence .d.-ntay :s 
calculated by companng r^vo optimally aligned sequences over the window of 
companson. determining the number of positions at which the identical nucleic acid base 
(e.g., A. T. C, G. U. or 1) occurs in both sequences to yield the number of matched 
positions, dividing the number of matched positions by the total number of positions in 
the window of companson (i.e., the window size), and multiplyms the result by 100 to 
yield the percentage of sequence identity. The terms "substantial identity" as used herein 
denotes a charactenstic of a polynucleotide sequence, wherein the polynucleotide 
compnses a sequence that has at least 50 percent sequence identity, preferably at least 60 
to 70 percent sequence identity, more usually at least 80 percent sequence identity as 
compared to a reference sequence over a companson window of at least 20 nucleotide 

* 

positions., frequently over a window of at least 25-50 nucleotides, wherein the percentaoe 
of sequence identity is calculated by companng the reference sequence to the 
polynucleotide sequence which may include deletions or additions which total 20 percent 
or less of the reference sequence over the window of companson. 

As applied to proteins, the tenn "substantial identity" means that t%vo protein 
sequences, when optimally aligned, such as by the programs GAP or BESTFIT using 
default gap weights, typically share at least 70 percent sequence identity, preferably at 
least 80 percent sequence identity, more preferably at least 90 percent sequence identity, 
and most preferably at least 95 percent sequence identity. Preferably, residue positions 
which are not identical differ by conservative ammo acid substimtions. Conservative 
ammo acid substitutions refer to the interchangeability of residues having similar side 
chains. For example, a group of ammo acids having aliphatic side chains is glycine, 
alanine, valine, leucme. and isoleucine; a group of amino acids having aliphatic-hydro.xyl 
side chains is serine and threonine; a group of amino acids having amide-containmg side 
chains IS asparagine and glutamine; a group of amino acids having aromatic side chains is 
phenylalanine, tyrosine, and tryptophan; a group of ammo acids having basic side chains 
is lysine, arginine. and histidme; and a group of amino acids having sulfur-containmg 
side chains is cysteine and methionine. Preferred conser^'at.ve ammo acids substitution 
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groups are; vaJine-leucine-isokucmc, phcnylaianinc-tvTosine, iysine-arLMninc, alanine- 
vaiiae, glutamic-aspar.ic, and asparagine-glutamine. 

"Promiscuous Ga protein" refers to a protein with the promiscuous coupimi? 
activity of one of the Ga proteins of the SEQ. ID listmg. Preferably, the promiscuous 
Ga protein can couple to at least one GPCR that normally couples to a Ga protein other 
thar* a promiscuous Ga protem. Examples of Ga protems, include Gaq, Gas, Gai and 
Gal 2. Promiscuous Ga protein coupling activity can be measured with an endogenously 
or heteroiogously expressed GPCR using the assays descnbed herem. Preferably, a 
promiscuous Ga protein can couple to at least two different types of GPCRs that 
normally couple to one of the foUowmg Ga proteins, Gaq, Gas, Gai and Gal 2. More 
preferably, a promiscuous Ga protein can couple to at least three different types of 
GPCP.S that normally couple to one of the following Ga proteins, Gaq, Gas, Gai and 
Gal 2. Promiscuous Ga proteins permit coupling under conditions that would not occur 
with a Ga protein and a receptor of a different Ga subtype, unless the Ga protein was 
expressed at sufficiently high levels to promote coupling with a GFCR that is not its 
normal coupling partner. Examples of Ga,, include (Wilke, T.M. et al.. PNAS, Vol. SS 
pp. 10049-10053, 1991) and Ga„ include (Amatnida, T.T. et al.. PNAS, Vol. 88 pp. 
5587-5591, 1991). It is understood that promiscuous Ga proteins do not include 
members of Gaq, Gas, Gai and GaI2 proteins that couple to only one type of GPCR 

"Modulation" refers to the capacity to either enhance or inhibit a functional 
property of biological activity or process (e.g., enzyme activity or receptor binding); such 
enhancement or inhibition may be contingent on the occurrence of a specific event, such 
as activation of a signal transduction pathway, and/or may be manifest only in particular 
cell types. 

The term "modulator" refers to a chemical compound (naturally occumn" or non- 
naturally occurring^, such as a biological macromolecule (e.g., nucleic acid, protein, non- 
peptide. or organic molecule), or an extract made from biological materials such as 
bacteria, plants, fungi, or animal (jsanicularly mammalian) cells or tissues. Modulators 
are evaluated for potential activity as inhibitors or activators (directly or indirectly) of a 
biological process or processes (e.g.. agonist, panial antagonist, partial agonist, inverse 
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agon.st. antagonist, antineoplastic agents, cytotoxic agents, inhibitors ofneoplastic 
transfocTnation or cell proliferation, cell proliferation-promoting agents, and the like) by 
inclusion m screening assays described herein. The activity of a modulator may be 
known, unknown or panially known. 

••Sequence homology" refers to the proponion of base matches ber.veen t%vo ' 
nucleic acid sequences or the proponion amino acid matches ber^veen two amino acid 
sequences. When sequence homology is expressed as a percentage, e.g . 50%. the 
percentage denotes the proponion of matches over the length of sequence from a desired 
sequence (e.g.. SEQ. ID NO. 1) that is compared to some other sequence. Gaps (in either 
of the two sequences) are pemiitted to ma.ximizc matching; gap lengths of 15 bases or 
less are usually used. 6 bases or less are preferred with 2 bases or less more preferred. 

The term '•test chemical" refers to a chemjcai to be tested by one or more 
screemng method(s) of the invention as a putative modulator. 

The ternis ••label" or "labeled" refers to incorporation of a detectable marker, e.g.. 
by incorporation of a_radio labeled amino acid or attachment to a polypeptide of biotinyl 
mo.et.es that can be detected by marked av.d.n (e.g.. streptavidin containing a fluorescent 
marker or enzymatic activity that can be detected by optical, or colonmetnc methods). 
Vanous methods of labelmg polypeptides and glycoproteins are known in the an and may 
-be used. Examples of labels for polypeptides include, but- are not limtted to, the " 
following: radioisotopes (e.g.. ^H. '^C. "S. '='1. .I^'I), fluorescent labels (e.g.. FITC. 
rhodamme. lanthanide phosphors), enzymatic labels (or reponer genes) (e.g.. horseradish 
peroxidase, p-galactosidase. P-latamase, luciferase, alkaline phosphatase), 
chemilummescent, biotmyl groups, predetermined polypeptide epitopes recognized by a 
secondary reponer (e.g.. leucine zipper pair sequences, binding sites for secondary 
anlibodies, metal bmdmg domains, epitope tags). In some embodiments, labels are 
attached by spacer arms of various lengths to reduce potential steric hindrance. 

"Fluorescem label" refers to incorporation of a detectable marker, e.g.. by 
mcorporation of a fluorescent moiety to a chemical entity that binds to a target or 
-attachment to a polypeptide of biotinyl moieties that can be detected by av.din (e.g., 
streptavidin containing a fluorescent label or enzymatic activity that can be detected bv 
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fluorescence detection methods). Vanous methods ol labeling poiypeptides and 
glycoproteins are known m the an and may be used. Examples of labels for polvpeptides 
include, but are not limited to dyes (e.g., FfTC and rhodammc). intnnsically Huorescent 
protems, and lanthanide phosphors. In some embodiments, labels are attached by spacer 
arms of vanous lengths to reduce potential stenc hindrance. 

"Reponer gene" refers to a nucleotide sequence encoding a protein that is readily 
detectable either by its presence or activity, includmg, but not limited to, luciferase ^een 
fluorescent protein, chloramphenicol acetyl transferase, p-galactosidase, secreted 
placental alkalme phosphatase, P-lactamase, human growth hormone, and other secreted 
en2>Tme reponers. Generally, reponer genes encode a polypeptide not otherwise 
produced by the host cell, which is detectable by analysis of the cell(s), e.g., by the direct 
tluorometnc, radioisotopic or specirophotometnc analysis of the cell(s) and preferably 
without the need to kill the cells for signal analysis. Preferably, the gene encodes an 

enzyme, which produces a change in fluorometric propenies of the host cell, which is 

* 

detectable by qualitative, ci!2.-titative or semi-quantitative ftinction of transcriptional 
activation. Exemplary enzymes include esterases, phosphatases, proteases (tissue 
plasminogen activator or urokinase) and other enzymes whose function can be detected 
by appropnate chromogenic or fluorogenic substrates known to those skilled in the an. 

"Signal transduction detection system" refers to system for detecting signal 
transducnon across a cell membrane, typically a cell plasma membrane. Such systems 
typically detect at least one activity or physical property directly or indirectly associated 
with signal transduction. For example, an activity or physical property directly 
associated widi signal transduction is the activity or physical property of either the 
receptor (e.g., GPCR),or a coupling protein (e.g., a Ga protein). Signal n-ansduction 
detection systems for monitonng an activity or physical property directly associated with 
signal transduction, include GTPase activity, and conformational changes. .\n activity or 
physical propeny indirectly associated with signal transduction is the activity or physical 
property produced by a molecule other than by either the receptor (e.g., GPCR), or a 
coupling protein (e.g., a Ga protein) and associated with receptor (e.g., GPCR), or a 
couphng protein (e.g., a Ga protein). Such indirect activities and propenies include 



15 



BNSDOCID <WO 9748820A1 I > 



wo 97/48820 

rrT/US97/1064 

changes m,n.raceirularieveis of rnolecuies(c,,.,ons,e.u Ca V. or K, - , 
messenger levels (e g . eAN,P. cCMP and ,„os,ol p^osphu.c,,. l,„ase ac„v„c. 
..nscnpuon., e..^.,. p,,.p,„„,,3„, ^ 

and pHc.p..„s= ac„v„es, S.gn.l ,™.d„c„o„ de.econ s.vs.e.s for .o„..„„„ 3„ 
a=..v,.y o, ph,s,ca, p,„pe., ,„d.„c„y assoca.ed w„H s.a.a, .ansduc.on. .nCu'de 
.ra„3=np„p„a,.ba3ed assays, enzy^auc assays, ,„,„ce„.,ar ,o„ assavs a„d second 
messenger assavs. 

0,h„ che™.s,ry ,e™s here.n are used acccd.ng ,o co^ven„o„a, usa.e ,n me an 
as e.en,p„f,ed by The McGraw-HH, D.c„o„a,y of Chen„ca, Tern,s fed Parker S 
.98.,, McGraw-Hi,,. San Francsco. .nco^ora.ed herein by reference,, ' ' 

A DtTML^O DtSr,IPT,0. or T»r p-„., r,,„ r,v,.nn,„.... 

The ,nven„on provdes cells and memcds for s=reen,„g or charac,cr,z,„. O- 

protein coupled receptors (GPCRs). Ilgands for GPCR< , 

. . ' ""il "mpoiinds that modulate 

ri 0 "'""''^ 

p.r ,s used heretn .„ accordance »,th Its conventtonal def,.„o„. Such receptors 

trl le^s ;7'"°'^ "--^ - '>^. 

.ransducc s.^nals (e.g,. sensoty, horn,onal. and neurotransn,in=r s.gnals) fron, 

extracellular environments to intracellular environments 

included withtn the inventton are cells that are use^l for e.,press,ng G prote.ns 
2P-.c,„g methods Of the inventton. . preferred cell ,s a stable, .sola, d CI 1 
omp„ses a promtscuous 0. p.tetn construe, compnstng a promoter operablv ,.„^ to 

r "r-"""' - "'-^"^ ^-o-aucttv-rv T 

romtscuous Oa protetn, -stable tsolated cell- of the .nvennon .s a eel, that retatns a 
eonstruct typically longer than at least 3 to 4 passattes ,„ ,i. , 

than s ,„ 1 n Passages ,n tissue cutaire, preferably longer 

than 6 to 1 0 passages and most preferably longer than abou, , 7 

celiref,r^,„ „■ - = '2 passages. An -isolated" 

r fers to a cell tn an ,„ v„.o state (e g,, a cell of a m^al.an tissue culture, The 
cells that are usefitl ,„ the inventton include both eu.a,y„tic and pro.aryotic ce I s th 
contain the constructs descnbed herein. Preferably, the cell is a cell ^Z^Z. 

m 
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Ijne (e.g.. a COS-7 ceiU; human cells are also preferred (e.g.. a human T lymphocyte). 
Although not preferred, yeasi cells can also be used. 

A ''construct," when used m the context of molecular biology, is any geneticallv 
engmeered nucleic acid (e.g., a plasmid, restnction fragment or. an engmcered 
chromosome). As used herein, a "promoter" is the mmimal sequence sufficient to direct 
transcnption of a gene (including a cDNA encoding a protein) m an eukar/ote. 
Preferably, the promoter is derived from an eukaryotic gene or a virus that can direct 
transcnption in an eukaryotic cell. A promoter can include a TATA box, a C.A.AT box. 
and a transcriptional start site. The term "gene" refers to a polynucleotide that encodes a 
protein, such as a cDNA encoding a protem. 

Polypeptides that have the biological activity of a Ga protein are those 
polypeptides that are able to transduce a signal (including extracellular signals) to an 
effectoris) in a G-protem signaimg pathway. Typically, such a polypeptide or protein, in 
ns inactive state, is associated with GDP and the Py dimer of a G-protein. In its '^active" 
state, the polypeptide typically is associated with GTP and disassociated from the Py 
dimer of a G-protein. The unassociated Ga protein is able to transduce a signal to an 
effector in the G-protein signaling pathway. Examples promiscuous Ga proteins include 
promiscuous Ga,6 protein and a promiscuous Ga,^ protein. Either promiscuous Ga,^ 
protein or a promiscuous Ga,5 protein can couple to a GPCR that normally couples to G„ 
Gj or (see Fig.l). Preferably, the promiscuous Ga protein employed in the invention 
has the ability to couple with specificity to an effector in the G-protein signaling paihwav. 
For example, the promiscuous Ga^^ and Ca^^ proteins each retain the ability to 
specifically activate the P isoform of phospholipase C. 

Preferably, the nucleotide sequence of a promiscuous Ga protein has at least 70% 
(more preferably, at least 80% or 95%) sequence identity to the nucleotide sequence of Ga,^ 
(SEQ ID NO: 1) and/or Ga,s (SEQ ID NO: 2). Other preferred promiscuous Ga proteins are 
those that are encoded by degenerate vanants of the nucleotide sequences jof promiscuous 
Ga„ (SEQ ID NO: 1) and/or Ga,, (SEQ ID NO: 2). A "degenerate variant^* of a nucleotide 
sequence is a nucleotide sequence that encodes the same amino acid sequence as a eiven 
nucleotide sequence, but m which at least one codon in the nucleotide sequence 'is different, 
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because cwo or more d.fferem codons can encode :he sane ammo acd. Accordmglv 
numerous degenerate vanants can encode the promiscuous G« protems of SEQ ID NO 3 
and SEQ [D NO: 4. Other preferred promiscuous Ga prote.n arc those that are encoded bv 
conser^'at.ve vanat.ons of the nucleot.de sequences of Ga., (SEQ ID NO: .1) and.or Ga.' 
(SEQ ID NO: 2). A -'conservafve vanat.on" denotes the replacement of an ammo acd ^ 
residue by another, biologically similar, residue. Examples of conservative vanations 
include the subsntunon of one hydrophobic residue, such as isoleucme. valine, leucine or 
methionme. for another, or the substitution of one polar res.dueVor similar polar residue 
such as the subsntution of argmme for lysme, glutamic acid for aspamc acd. or giutomme 
for asparagme, and the like. 

In some embodiments of the mvemion it will be desirable to control the level of 
promiscuous Ga prote.n e.xpress.on. High levels of promiscuous Ga protein in a cell can 
deletenously alter cell metabolism that can result in cell instability. High levels of 
promiscuous Ga prote.n in a cell (or normal Ga prote.n) can also produce high basal 
act.v,t.es GPCRs that results m h.gh background activities, which .s not desirable for 
methods descnbed here.n, such as screenmg chemicals that may modulate receptor 
activity. Typically, ceils havmg endogenously low levels of normal Ga protein ore used 
Basal activity levels of GPCRs can be easily tested in a potential cell type to be used for 
screenmg with a signal transduction detection system to detect the affect of endogenously 
expressed G-protems. Basal activity levels of GPCRs can also be easily tested with either 
endogenously expressed or heterologously expressed GPCRs in cells expressing a 
promiscuous Ga protein or other G-proteins. 

With GPCRs normally having high basal activity, controlled levels of 
promiscuous Ga protein can help reduce background activity in a cell while achieving 
suitable couplmg for testing putative modulators of a receptor. The amount promiscuous 
Oa protein expressed in a cell can be titrated by using, or selecting for. either a weak 
promoter or an inducible promoter. An inducible promoter offers the advantage 
compared to a weak promoter, of regulatable expression of promiscuous Ga ploiein Bv 
using an .nduc.ble promoter the amount inducer can be used to optimize the si«nial to 
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noise ratio of a screen tor GPCR modulators by adjusting :hc amount oi" promiscuous Ga 
protein expression the celi. 

An "mducible" promoter is a promoter that, in the absence ot^an inducer (e.g 
doxycyciin) does not direct expression, or directs low levels of expression (e.g., produces 
less than 500 proteins per ceil at steady state) ofan operably linked gene (including 
cDNA). In the presence of an inducer, expression promiscuous Ga protein directed by 
the inducible promoter is typically increased at least 3-fold (preferably at lea§t 10- 100- or 
1,000-fold). Other useful inducible promoters include those that are inducible by IPTG 
or ecdysone. If desired, an inducible promoter can include a first promoter (e.g., a 
cvTomegalovirus promoter) operably linked to a tet operator to regulate the first promoter 
(see, Gossen and Bujard, 1992, Proc. Natl. Acad. Sci. 89:5547-5551). 

Many embodiments of the invention will include a polynculeotide encoding a 
GPCR not naturally occuning in the cell and a promiscuous Ga protein construct. The 
GPCR will typically not be under the control of the control sequence controlling 
promiscuous Ga protein expression. The GPCR may be a GPCR of known function or of 
protein of unknown function, such as an orphan GPCR. Promoters known in the an can 
be used to either constioitively or inducible express the receptor or putative receptor. 

If desired, a cell of the invention can contain a polynucleotide having a control 
- sequence and encoding a protein useful in signal transduction detection system. The 
construct is designed to detect activation of a Ga protein. This second construct is 
typically located on a second vector It can mclude a reporter gene that is operably linked 
to a promoter that is modulated (directly or indirectly) by an active promiscuous Ga 
protein. Preferably, the expression of the reponer gene can be detected by detectincr a 
change in fluorescence emission of a sample that contains the cell. 
_ For instance, the reporter system described in PCT publication WO96/30540 
(Tsien) has significant advantages over existing reporters for gene mtegrarion analysis, as 
It allows sensitive detection and isolation-<>f both expressing and non-expressing single 
living cells. This assay system uses a non-toxic, non-polar fluorescent substrate, which is 
— easily loaded and then trapped intracellularly. Cleavage of the fluorescent substrate by 0- 
lactamase yields a fluorescent emission shift as substrate is convened to product. 
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Because the a-lactamase reporter readout can be ratiometnc. i: is unique among reponc: 
gene assays in that it controls vanables such as the amount of substrate loaded into 
individual cells. The stable, easily detected, intracellular readout simplifies assay 
procedures by eliminating the need for washing steps, ^.hich facilitates screemn" with 
cells using the invention. Preferably, a ratiometnc fluorescent signal transduction 
detection system can be used with the invention. Preferred fluorogenic substrates are 
described in the Examples. 

Other reponer genes such as polynucleotides encoding a polypeptide having the 
biological activity of green fluorescent protein (GFP) can be used. 

A promoter is considered to be "modulated" by an active, promiscuous Ga 
protein when the expression of a reponer gene to which the promoter is operably linked is 
either increased or decreased upon activation of the promiscuous Ga protein. It is not 
necessary that the active, promiscuous Ga protein directly modulate reporter gene 
expression. 

For example, embodiments of the invention presume that activation of Get,, or 
Ga„ can, through a G-protein signaling pathway, activate PLCP. which in turn increases 
intracellular calcium levels. An increase in calcium levels can lead to modulation of a 
"calcium-responsive" promoter that is pan of a signal transduction detection system, i.e., 
a promoter that is activated (e.g.. a NFAT promoter) or inhibited by a change in calcium 
levels. One example of an NFAT DNA binding site is found m Shaw, et al. Science 
291:202-205 1988. Likewise, a promoter that is responsive to changes in protein kinase 
C levels (i.e., a "protein kinase C-responsive promoter") can be modulated by an active 
Ga protem through G-protein signaling pathway. The cells described above can also 
include a G-protein coupled receptor. Genes encoding numerous GPCRs have been 
cloned (Simon et al.. 1991, Science 252:802-808), and conventional molecular biology 
techniques can be used to express a GPCR on the surface of a ceil of the invention. ' 
Preferably, the sum responsive promoter allows only a relatively short lag (e.g.. less than 
90 minutes) bet^veen engagement of the GPCR and transcriptional activation. .A 
preferred responsive promoter includes the nuclear factor of activated T-cell promoter 
(Flanagan et al., 1991. Nature 352:803-807). 
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Many cells can be used in the invention, paniculariy for heterologous expression 
of a GPCR. Such cells include, but are not limited to; baby hamster kidney (BHK) cells 
(ATCC No. CCLIO). mouse L cells (ATCC No. CCLI.3). Jurkats f ATCC No. TIB 152) 
and 153 DG44 ceils [see. Chasm ( 19S6) Cell. Molec, Genet. 12: 555) human embryonic 
kidney (HEK) cells (ATCC No. CRL1573). Chinese .hamster ovary (CHO) cells fATCC 
Nos. CRL961S. CCL61. CR19096). PC 12 cells (ATCC No. CRL17.2I) and COS-7 cells 
(ATCC No. CRLI65 1). Preferred cells for heterologous cell surface protein expression 
are those that can be readily and efficiently transfected. Preferred cells mclude Jurkat 
cells CHO cells and HEK 293 cells, such as those descnbed in U.S. Patent No. 5.024.939 
and by Stillman et al. (1985) Mol. Cell. Biol. 5. 2051-2060. 

GPCRs that can be used with the mvemion include, but are not limited to. 
muscarimc receptors, e.g.. human M2 (GenBank accession #M 16404); rat M3 
(GenBank accession #M 16407); human M4 (GenBank accession #M 16405); human M5 
(Bonner, et al., (1988) Neuron 1. pp. 403-410); and the like; neuronal nicotinic 
acetylcholine receptors, e.g., the human a,, a,, and p,, subtypes disclosed in USSN 
504.455 (filed April 3, 1990, which is hereby expressly incorporated by reference 
herein in its entirety); the human subtype (Chini, et al. (1992) Proc. Natl. Acad. 
Sci. U.S.A. 89: 1572-1576). the rat a, subunit (Wada. et al. (1988) Science 240. pp. 
330-334); the rat Uj subunit (Boulter, et al. (1986) Nature 319. pp. 368-374); the rat a, 
subunk (Goldman, et al. (1987) Cell 48, pp. 965-973); the rat a, subunit (Boulter, e: 
al. (1990) I. Biol. Chem. 265. pp. 4472-4482); the chicken a, subunit (Couturier et al. 
(1990) Neuron 5: 847-856): the rat p, subunit (Deneris. et al. (1988) Neuron 1. pp. 45- 
54) the rat subunit (Deneris, et al. (1989) J. Biol. Chem. 264. pp. 6268-6272); the 
rat p, subunit (Duvoisin, et al. (1989) Neuron 3. pp. 487-496); combinations of the rat 
a subunits, and s p subunits and a and p subunits; GABA receptors, e.g.. the bovine x, 
and B,. subunits (Schofield. et al. (19~87) Nature 328. pp. 221-227); the bovine X,. and 
X,. subunits (Levitan. et al. (1988) Nature 335. pp 76-79); the y-subunit (Pritchen, et 
al. (1989) Nature 338. pp. 582-585); the B,, and subunits (Ymer. et al. (1989) 
EMBO J. 8, pp. 1665-1670); the 8 subunit (Shivers, B.D. (1989) Neuron 3. pp. 32-. 
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337); and :hc like; glutamate recepcors. e.g.. rat GluRl receptor (Hollman. et al. 
(1989) Nature 342. pp. 643-648); rat GIuR2 and GluR3 receptors (Boulter et al. (1990., 
Science 249; 1033-1037; rat GluR4 receptor (Keinanen et al. (1990) Science 249; 556- 
560 ); rat GluR5 receptor (Settler et al. (1990) Neuron 5; 583-595). rat GliiR6 receptor 
(Egebjerg et al. (1991) Nature 351; 745- 748); rat GluR7 receptor (Bettler et al (1992) 
neuron 8:257- 265); rat NMDARl receptor (Moriyoshi et al. (1991) Nature 354;3l-37 
and Sugihara et al. (1992) Biochem. Biophys. Res. Comm. 185:826-832). mouse 
NMDA el receptor (Meguro et al. (1992) Nature 357: 70-74); rat NMDAR2A. 
NMDAR2B and NMDAR2C receptors (Monyer et al. (1992) Science 256: 1217-1221); 
rat metabotropic mGluRI receptor (Houamed etal. (1991) Science 252: 1318-1321); 
rat meDbotropic mGluR2. mGluR3 and mGluR4 receptors (Tanabe et al. (1992) 
Neuron 8:169-179); rat metabotropic mGluR5 receptor (Abe et al. (1992) I. Biol. 
Chem. 267; 13361- 13368); and the like; adrenergic receptors, e.g.. human 81 (Fnelk. 
et al. (1987) Proc. Natl. Acad. Sci. 84. pp. 7920-7924); human a, (Kobilka. efal. 
(1987) Science 238. pp. 650-656): hamster p, (Dixon, et al. (1986) Nature 321. pp. 75- 
79); aiid the like; dopamine receptors, e.g.. human D2 (Stormanu. et al. (1990) Molec. 
Pharm. 37. pp. 1-6); mammalian dopamine D2 receptor (U.S. Patent No. 5.128.254); 
rat (Bunzow. et al. (1988) Nature 336. pp. 783-787); and the like; and the like;, 
-serotonm receptors, e.g.. humaii5HTla (Kobilka. et al. (1987) Nature 329. pp. 75-79,; 
serotonin 5HT1C receptor (U.S. Patent No. 4.985.352); human 5HT1D (U.S. Patent 
No. 5,155.218); rat 5HT2 (Julius, et al. (1990) PNAS 87. pp.928-932); rat 5HTlc 
(Julius, et al. (1988) Science 241. pp. 558-564). and the like. 

If desired (e.g.. for commercial purposes), a cell(s) of the invention can packaged 
into a container that is packaged withm a kit. Such a kit may also contain any of the " 
various isolated nucleic acids, antibodies, proteins, signal transduction detection svsiems. 
substrates, and/or drugs descnbed herein, known in the an or developed in the future. A 
typical kit also includes a set of insn^ctions for any or all of the methods descnbed 
herein. 
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!\[£THOnS OFTHE F.NVE.NTION 

The invention provides several methods for cloning or characterizing 
GPCRs, screening or charactenzing iigands (e.g., known ligands) of GPCRs. and 
identir/ing or charactenzmiz compounds that modulate signal transduction. For example, 
the invention provides a method for determining whether a '^target" polypeptide is a 
GPCR for a given ligand. The method involves expressing a target polypeptide in a cell 
descnbed herein that comprises a reporter gene construct (e.g., a construct encoding a (3- 
lactamase reponer gene operably linked to a NT AT promoter). In this method', the test 
polypeptide is contacted with a chosen ligand, usually of established activity, and a 
change in reporter gene expression is detected. A ''target" polypeptide, which is usually a 
GPCR, IS any polypeptide expressed by a cell that can be assayed for activity using the 
present invention. 

Similar methods can be used to test ligands and compounds usine GPCRs of 
knowTi, panially known and unknown function. A test ligand is a molecule that can be 
assayed for us ability to bind to a GPCR. A test compound is a molecule that can be 
assayed for its ability to modulator of signal transduction. Often, such a taf^et 
polypeptide, test ligand, or test compound is, because of its sequence or structure, 
suspected of being able to function in a given capacity. Nonetheless, randomly chosen 
target polypeptides, test Iigands, and test compounds also can be used in the methods 
descnbed herein, and with techniques known in the an or developed in the future. For 
example, expression of target polypeptides from nucleic acid libranes, can be used to 
identify proteins involved in signal transduction, such as orphan GPCRs. For instance, 
this technique can be used to identify physiologically responsive receptors (e.g., taste- 
responsive GPCRs) where the ligand responsible for inducing a physiological event is 
known (e.g.", a given taste sensation is known). 

The invention also includes enhancement of reponer gene expression in a signal 
transducnon detection system. This panicularly useftil for improving the signal to noise 
ratio in a screening assay. It generally involves contacting the cell with a molecule 
(^'subthreshold regulating molecule*! that alters the activity of a cellular process to a level 
subthreshold to the activation of a cellularly responsive control sequence that is operably 
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linked to the reponer gene. Because the level of cellular activity ,s subthreshold, the 
reporter gene has a low expression level. The reponer gene system, however. ,s poised 
for activation by a change in cellular process induced by either a test chemical, test iigand 
or expression of target protem. Such celliilarly responsive control sequences can be 
responsive elements known m the an in other applications. Such response elements, 
however, do not need be responsive to their naturally occumng signal, since the assay 
may occur in cells lacking the required constituents for activation by a narurally occumng 
signal. The subthreshold regulating molecule can either increase or decrease the activity 
of the cellular process. It is understood that the cellular process may not only be "classic- 
cellular process, such as an enzymatic activity, but it also includes levels of cellular 
entities (e.g.. ioqs. metabolites and second messengers) or other measurable properties of 
the cell (e.g., cell volume, chromatin density, etc.). Cells described herein are prefen-ed 
for this method. Other cells, however, can be used as well which express Ga proteins ' 
endogenously, or heterologousiy. 

For example, m order to enhance detection of expression of a reponer gene, the 
cell can be contacted with a compound (e.g.. a calcium lonophore) that increases calcium 
levels inside of the cell. By increasing calcium levels inside the cell, the probability that " 
activation of a G-protem will activate expression of a reponer gene ,s greatly enhanced. 
Preferably, the calcium levels are increased to a level that is just below the threshold level 
for activation of a calcium-responsive promoter, such as an NFAT promoter (see Fig. 2). 
In practice, ionomycm typically is added at a concentration of about 0.01 to 3 mM. 
preferably 0.03uM. Cells descnbed herein are preferred for this method. Other cells, 
however, can be used as well which express Ga proteins endogenously. or 
heterologousiy. 

In an alternate method of enhancmg a signal transduction detection svstem. 
thapsigargm is added to the cell to set intracellular calcium levels at subthreshold levels 
to enhance reponer gene activation. Thapsigargm is added to the cell at a concentration 
of about I to 50nM. with the effect of panially depleting intracellular calcium pools and 
slowing the re-fiUing of such pools (Thastmp et al.. 1990. Proc. Natl. Acad. Sci. 87:2466- 
2470). If desired, thapsigargm can be used at a higher concentration (^.g.. 200nM to 
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iuM) in a •■Ca'--c:amp" protocol, in which membrane potential is used to iict the baseime 
calcium concentration (Neeulescu ct ai,. 1904, Proc. Natl. Acad. So:. 9 1 :2S73-2S77). 
This can be applied to screening for modulators of signal transduction using a reporter 
gene system with a calcium-responiii ve promoter. Ceils descnbed herein are preferred for 
this method. Other cells, however, can be used as well which express Ga proteins 
endosenouslv, or heterologduslv. 

In yet another method of the invention, conventional molecular bioloev 
techniques can be used to express a calcium modulating ligand in cells, and thereby 
increase calcium levels (Bram et al., 1 994, Nature 371 :355-35S). This can be applied to 
screening for modulators of signal transduction usmg a reponer gene system with a 
calcium-responsive promoter. Cells described herein are preferred for this method. 
Other cells, however, can be used as well which express Ga proteins endogenously, or 
heterologously. 

A related method of the invention for enhancing detection of expression of the 
reponer gene involves contacting the cell with an activator of protein kinase C. 
Typically, thjs method involves contacting the cell with 1 to 3nM of phorbol mynstate 
acetate (PMA) or another phorbol ester; preferably PMA is used at a concentration of 
0.3nM. The PMA concentration can be titrated to achieve sub threshold levels. Various 
analogs of PMA that retain this activity are known in the an, and can be used in the 
invention. Cells descnbed herein are preferred for this method. Other cells, however, 
can be used as well whjch express Ga proteins endogenously, or heterologously. 

The invention also provides a method for determining whether a *'test" lic^and is a 
ligand for a given GPCR. In this method, a selected GPCR is expressed in a cell, such as 
a cell of the invention, which contains a construct and encodes a reponer gene. The cell 
is contacted with a test ligand, and a change in expression of the reponer gene is detected. 
This method is panicularly well suited for identifying a Ugand not known to bind to the 
receptor and it can also be used to determine receptor selectivity. In this method, the 
change in expression of the reponer gene can be compared for a sample of cells in the 
presence, versus in the absence, of the test ligand in order to identif>' ligand specific 
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aciivaiiop.. Cells descnbcd herein are preferred fcr -.his method. Other ceils, however, 
can be used as well which express Gu proteins cndogenousiy, or hcicrolo^ouslv. 

The aforementioned methods can readily be adapted to provide a method for 
charactenzing the ability of a ligand to interact with a panel of GPCRs of mterest. In ' 
such an assay, the first GPCR of interest is expressed in a cell, such as a cell of the 
invention, that contains a construct encoding a reporter gene. In a second cell ( in a 
second, separate sample), a second GPCR of interest is expressed along with reporter 
gene system. Additional GPCRs can be expressed in additional cells with reporter gene 
systems. Typically, these cells differ only with respect to the GPCR that is expressed. 
Each sample of cells is contacted with the "test" ligand of interest, and a chan'^e in 
reponer gene expression is detected for each cell sample. By companng the changes in 
expression of the reporter gene between ceil samples, one can characterize the functional 
activity of the ligand. This method is panicularly well suited for assaying the ability of a 
known ligand to interact with several GPCRs that are knovvn to be related. Thus the 
selectivity of the ligand can be determined. For example, various muscannjc receotors 
(e.g., M,, M,, and M,) can be e.xpressed, separately, on a cell. If desired, various 
modulators of G-protein activity (e.g.. agonists and antagonists) can be charactenzed in a 
variation of this method. Cells described herein are preferred for this method. Other 
cells, however, can be used as well which express Ga proteins endogenously. or 
heterologously. 

The invention also provides a general method for determining whether a test 
compound modulates signal transduction in a cell. This method also e-.ploys a cell, such 
as a cell of the invention, that includes a construct, and that expresses a reporter gene. In 
this method, the cell expresses a GPCR. and the cell is contacted with a ligand that, in the 
absence of a test compound, activates signal transduction. The cell is also contacted with 
a test compound, and a chajige in expression of the reponer gene indicates that the test 
compound modulates signal transduction in the cell. 

In a variation of this method, the invention provides a "receptor-less" method for 
determining whether a test compound modulates signal transduction. In this vanation. the cell 
is not engineered to e.xpress a GPCR. In lieu of contacting the cell wuh a hoand. the cell is 
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contacted with a compound that directly activaces a Ga protein encoded by a consimct wuhin 
Che cell. Examples of such compounds include mastoparan (Calbiochem) and aluminum 
nuonde. These compounds typically are used at concentrations of 0.5 to 5mM. A chan-je ir. 
expression of a reponer gene indicates that the test compound modulates signal .ransdJc'rion in 
the cell. Such a change also indicates that the compound affects signaling events that occur 
subsequent to receptor signaling in the signaling pathway. 

The invention also provides a method for determining whether a test polypeptide 
is a GPCR for a given ligand. without employing a second genetic constnjct expressing a 
reponer gene. In this method, a test polypeptide is expressed m a stable, isolated cell that 
cames a genetic construct that includes a promoter operably linked to a gene that encodes 
a polypeptide having the biological activity of a promiscuous Ga protein. The test 
polypeptide isxontacced with a ligand, and an increase in calcium levels within the cell is " 
detected. Any of the an-known methods for detecting a change m calcium leveis can be 
used in this method (Negulescu and Machen, 1990, Meth. in Enzymol. 192:38-81). In a 
preferred method, the increase is detected by contacting the cell with ftira-2 (available 
from Molecular Probes; Eugene. OR) and detecting a change in nuorescence emission of 
a sample that includes the cell. 

The invention offers several advantages. By employing promiscuous G-protems. 
- the invention allows the use of a single intracellular signaling pathway (e.g., activation of 
PLCP) to analyze GPCRs that normally couplcspecifically to G-proteins of a single 
family. By providing methods that employ living cells, the invention allows a receptor or 
ligand that is identified in an assay to be cloned. By employing fluorescent detection 
methods, the invention, in various embodiments, allows a practitioner to charactenze a 
single cell. Accordingly, convenient cell-sonmg methods, such as FAGS, can be used to 
analyze and isolate cells. The fluorescent assays employed m the invention also provide 
a stable, non-labile indicator of G-protein activation. Such a stable signal (lasting up to 
twelve hours) allows a practitioner to analyze numerous samples in parallel, thus 
rendering the invention useful for high throughput screening of "test" polypeptides, 
■ligands, and compounds. The invention provides, for the first time, an assay for 
associating occupancy of any GPCR with gene expression, as detected by a Huorescence 
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emission. In addition, by providing methods for enhancing detection of G-protein 
activation, the invention provides a sensitive assay for detecting low levels, or bnef 
activation, of a G-protein. 

The kits can be produced to accomplish the methods descnbcd herein. Such kns 
can include the poiynucleotidcs for GPCR expression, cells for GPCR expression or Ga 
protein expression and signal transduction detection systems, such reponer ^ene systems. 
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EXAMPLES 

The followtng examples are intended to illustrate but not limit the invention. 
While they are tvpical of those methods that might be used, other procedures known to 
those skilled in the are may aliemativelv be used. 



Example 1 - Synthesis of a 3 Lactamase substrate (compound 7b) 
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For s>7ithcs.s of 2.4 dihydroxy-5-chiorobenzaldchyde. 2 1 .7 g ((). 1 5 Mol) 4- 
chlororesorcinol were dissolved m 150 ml dry diethyl echer and 27 g f.nely powdered 
zmc (ID cyanide and 0 5 g potassium chlonde were added wuh st.mng. The suspension 
was cooled on ice. A strong stream of hydrogen chlonde gas was blown into the solut.on 
wuh vigorous stimng. After approximately 30 mmutes the reactants were dissolved. The 
addition of hydrogen chlonde gas was continued until it stopped being absorbed in the 
ether solution (approx. I hour). Dunng this time a precipitate formed. The suspension 
was stirred for one additional hour on ice. Then the solid was let to settle. The ethereal 
solution was poured from the solid. The solid was treated with 100 g of ice and heated to 
lOCC in a water bath. Upon cooling the product crystallized m shiny plates from the 
solut.on. They were removed by filtration on dned over potassium hvdrox.de The vield 
was 15.9 g (0.092 Mol, 61%). 'H NMR (CDCl,): 6 6.23ppm (s, 1 H. phenol). 5 6.62ppm 
fs. IH. phenyl). 6 7.52ppm (s. IH. phenyl), 5 9.69ppm is. IH. formyl). 5 1 1.25ppm (s. 
IH, phenol). 

To prepare 3-carboxy 6-chloro 7-hydroxy coumann. 5J6 g (0.033 Mol) 
2.4-dihydroxy-5-chloroben2a!dehyde and 7.2 g (0.069 Mol) malonic acid were dissolved 
in 5 ml warm pyridine. 75 ^ 1 Aniline were stirred into the solution and the reaction let to' 
stand at room temperature for 3 days. The yellow solid that formed was broken into 
smaller pieces and 50ml ethanol was added. The creamy suspension was filtered through 
a glass frit and the solid was washed three times with I N hydrochloric acid aiid then wuh 
_water. Then the soUd was stirred with 100ml ethyl acetate. 150 ml ethanol and 10 ml half 
concentrated hydro.chlonc acid. The solvent volume was reduced in vacuo and the 
precipitate recovered by filtration, washed with diethyl ether and dned over phosphorous 
pemoxide. 4.97 g (0.02 1 Mol. 63o/o) of product was obtained as a white powder 'H 
NMR.(dDMSO):5 6.95ppm(s, IH), 5 8.02ppm fs. I H). 5 8.67ppm (s. IH). 

To prepare T-butyTylo.xyO-carboxy-e-chloro-coumarin, 3.1g (12.9 miMol) 
3-carboxy-6-chloro-7-hydroxycoumann were-dissolved in 100ml dioxane and treated 
with 5 ml butync anhydnde. 8 ml pyridine and 20mg dimethyl ammopvndine at room 
temperature for tv^o hours. The reaction solut.on was added wuh stimng to 300ml 
heptane upon which a white precipitate formed. It was recovered by filtration and 
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dissoived in 150 mi ethyl acetate. Undissolved matenal was removed by fiitratton and 
rhe filtrate exrracted ^^vlce with 50 ml 1 N hydrochlonc acid/bnnc (1:1) and then bnne 
The solution was dned over anhydrous sodium sulfate. Evaporation in vacuo yielded 
2.63 g (S.47mLMoL 66%) of product. 'H NMR (CDCl,): 5 I.OSppm Ct, 3H, J = 7 4 Hz. 
burync methyl), 6 l.SSppm (m, 2H, J, 5 J, = 7.4Hz. butyric methylene), o 2.68ppm (t. 2H. 
J = 7.4H2, but^/nc methylene), 5 7.37ppm (s. IH, coumarin). 5 7.84ppm (s, IH, 
coumarin), 5 8.86ppm (s, IH, coumarin). 

Preparation of 7-butyryloxy-3-ben2yloxyca^bony[methylaminocarbony[-6- 
chlorocouma^in is effected as follows. 2.5g (8.06miVIoI) 7-Bur\Tyioxy-3-carboxy-6- 
chlorocoumarin, 2.36g hydroxybenztriazole hydrate (16niiVIol) and l-67g (S.lmMoI) 
dicyciohexyl carbodiimide were dissolved in 30ml dioxane. A toluene solution of O- 
benzylglycme (prepared by extraction of 3.4g (10 miMoI) benzylglycine tosvl salt wuh 
ethyl acetate - toluene - saturated aqueous bicarbonate - water ( 1 ; I ; 1 : 1 , 250ml), drymg of 
the orgamc phase wuh anhydrous sodium sulfate and reduction of the solvent volume to 
5ml] was added drop wise to the coumann solution. The reaction was kept at room 
temperature for 20 hours after which the precipitate was removed by filtration and 
washed extensively with ethylacetate and acetone. The combined solvent fractions were 
reduced to 50ml on the rotatory evaporator upon which one volume of toluene was added 
and the volume funher reduced to 30ml. The precipitating product was recovered bv 
filtranon and dissolved in 200ml chloroform - absolute ethanol ([:!). The solution was 
reduced to 50ml on the rotatory evaporator and the product filtered off and dried in vacuo 
yielding 1 .29g of the title product. Funher reduction of the solvent volume yielded a 
second crop (0.6'4g). Total yield: 1.93g (4.22mMol, 52%). 'H NMR (CDCl,): 5 I.OSppm 
(t, 3H, J = 7.4Hz, burync methyl), 6 I.84ppm (m, 2H, 5 J, = 7.4H2, butync methylene). 
5 2,66ppm (t, 2H, J 7.4Hz, butyric methylene). 5 4.29ppm Cd, 2H, J 5.5Hz, glycine 
methylene), S 5.24ppm (s, 2H, benzyl), 5 7.36ppm (s, IH, coumarin), 5 7.38ppm (s, 5H, 
phenyl), 5 7.77ppm (s, IK, coumann), 5 8.83ppm (s, IH, coumarin), 5 9.1 5ppm (t, IH. J 
5.5 Hz, amide). 

7-ButyTyloxy-3-carboxynnethylaminocarbonyl-6-chlorocoumarin was - 
prepared as follows. 920 mg (2mMol) 7-but\Tyloxy-3-benzyloxyc3rbonylmethylamino- 
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carbonyI-6-chlorocoumann were- dissolved m 50ml d.oxane. iOOmg Paliad.um on carbon 
(10%) and 100 jxl acetic acid were added to the solution and the suspension stirred 
vigorously m a hydrogen atmosphere at ambient pressure. After the uptake of hvdroqen 
seized the suspension was filtered. The product containing carbon was e.xtracted five' " 
times wuh 25 ml boiling dioxane. The combined dioxane solutions were let to cool uoon 
which the product precipitated as a white powder. Reduction of the solvent to 20 ml 
precipitates more product. The remaining dioxane solution is heated to boiling and 
heptane is added until the solution becomes cloudy. The weights of the dned pLders 
were 245 mg. 389 mg and 58 mg. totalmg 692 mg (I.SSmMol, 940/,,) of white product 
NMR (dDMSO): 6 1.02ppm (t, 3H, J 7.4 Hz. butyric methyl), 5 1.73ppm (m. 2H. J, 5 J. = 
7.3Hz. buryric methylene). 6 2.70ppm (t, 2H. J .67ppm (s, IH. coumann), 5 8.35ppm ,s. 
IH, coumann). 5 8.90ppm (s. IH. coumann), 6 9.00ppm (t. IH. J = 5.6 Hz, amide). 

Coupling of 7-ButyTyloxy-3-carbo.xymethyiaminocarbonyl-6- 
chlorocoumann with 7-ammo-3'-chlorocephalosporanic acid benzhydryl ester was 
effected as follows. 36Smg (ImMcl) 7-Bur:,T-,-!o.xy.3.c-oxymethyb.-r.mccarbcnvI-6- 
chlorocoumann. 270mg hydroxybenztnazole hydrate and 415mg (ImJWol) 7-ammo-3-- 
chloro cephalosporamc acid benzhydryl ester were suspended in 40ml dioxane - 
acetomtnle (1:1). 260mg (l.25mMol) d.cyclohe.xylcarbodnmide m 5ml acetomtnle were 
added and the suspension was stin-ed vigorously for 36 hours. The precipitate was 
removed by filtration and the volume of the solution reduced to 20ml on the rotatory 
evaporator. 50ml Toluene was added and the volume reduced to 30ml. With stirring 50 
ml heptane was added and the suspension chilled on ice. The precipitate was recovered 
by filtration. It was red.ssolved in 10ml chloroform and the remaining undissolved solids 
were filtered off. Addition of 2 volumes of heptane precipitated the title product which 
was collected and dried in vacuo and yielded 468 mg (0.64mMol. 64%) off-white 
powder. 'H NMR(CDCl,): 5 1.08ppnx(t. 3H. J 7.4Hz. butync methyl), 5 1.84ppm (m. 
2H, J. 6 J, 7.4Hz. butync methylene). 5 2.66ppm (t, 2H. J 7.4Hz. butyric methvlene) 6 
3.54ppm (2d, 2H. J 18.3Hz. cephalosponn C-2). 5 4.24ppm (2d. 2H, J 5.8Hz 
cephalosponn 3 methylene). 5 4.37ppm (d. 2H. J 3.8Hz. glycine methylene). 6 5.02t>pm 
(d. IH. J 4.9Hz. cephalosponn C-6). 6 5.89ppm (dd. IH. J, 9.0Hz. J, 5^Hz. " 
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csphalosponn C-7). o 6.96ppm (s. i H. benzhydr/D. 5 7,30-7.45ppm (m. IZH. phcnvl. 
coumann. amide). 5 7.79ppm (s. IH. coumann). 5 8.84ppm (s. IH. coumann). 5 9.2Sppm 
n. IH. J 3 7Hz. amide). 

Coupling of the above product with 5-fluoresceinthiol was effected as 
follows. 90mg (O.ZmiMoI) 5-mercaptofluorescein diacetate disulfide dimer were 
dissolved m 10ml chloroform and treated with 25 ^l tnbutyl phosphine and 25 ul water in 
an argon atmosphere. The solution was kept for 2 hours at ambient temperature and was 
then added to a solution of 20mg sodium bicarbonate. 25mg sodium iodide and 110 mg 
(0. 1 SmiMol) of the above compound in 1 0ml dimethylformamide. After 4 hours the 
solvents were removed in vacuo and the residue triturated with diethylether. The solid 
was dissolved in ethyl acetate - acetonitnle (1:1). Al^er removal of the solvents the 
residue was tnturated once more with diethylether yieldmg 157mg fO. 13mMol. 8S%)ofa 
cream-colored powder product. 

A sample of the above compound was treated with a large access of 
tnfiuorcccetic acid - anisole fl : I ) at rocr.: t.-mperar^-; for 20 minutes. The reagents are 
removed in vacuo and the residue tnnirated with ether. High performance liquid 
chromatography of the solid in 45% aqueous acetorutrile containing 0.5% acetic acid 
gives a product in which the buryrate and the diphenylmethyl esters have been cleaved. It 
was purified by high perfomiance liquid chromatography on a reverse phase C„-column 
using 45% aqueous acetonitnle containing 5% acetic acid as the eluent. 
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Deprotection of the fluorescein acetates in compound 27 was accomplished with 
sodium bicarbonate in methanol (room temperature, 30mmutes) to provide the 
fluorescent enzyme substrate CCF2. It was purified by high performance liquid 
chromatography on a reverse phase C,j - column using 35% aqueous acetonirrile 
contairung 0.5% acetic acid as the eluent. 
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O NH 




27 



BrCH^OCOCHj. lutidme 




Stimng of compound 27 with excess acetoxymethyl bromide in dry 
lutidine produced the membrane permeable derivative of the substrate (CCF2/ac,AM0- It 
was purified by high performance liquid chromatography on a reverse phase C.g - column 
usmg 65% aqueous acetoninile containing 0.5% acetic acid as the elueni. CCF2/ac.AM. 
is readily convened to CCF2 in the cells' cytoplasm. 

The donor and acceptor dyes in substrate CCF2 do not stack. The 
substrate is fully fluorescent in phosphate buffer and there is no formation of the "dark 
complex" (i.e., addition of methanol does not change the fluorescence spectrum of CCF2, 
except for the effect of dilution). This is due to the much smaller and more polar nature 
of the 7-hydroxycoumarin compared to that of the xanthene dyes (eosin, rhodamine, 
rhodol and resorufin). ~ 

The emission spectrum of compound CCF2 in 50 mmolar phosphate 
buffer pH 7.0 before and after p-lactamase cleavage of the P-lactam ring. In the intact 
substrate, efficient energy n-ansfer occurs from the 7-hydroxycoumann moier\' to the 
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tluorescn mc.ty. Excca.on or the substrate at 405nm results .n Huoresccnce ea.ss.o„ 
at . 1 irun (green) fror. the acceptor dye fluorescem. The energy transfer .s d.sraoted 
when rj-Iactoniase cleaves the P-lactarr. nn,. thereby sevenng the link be.veen the two 
dyes. Exctafon of the products at 405nm now results ent.rely.n donor Huorcscence • 
emtss.on at 448 run (blue,. The fluorescence cmtss.on from the donor motetv increases 
25 fold upon P-lactar:, cleavage. The fluorescence at 515rm, ,s reduced bv 3.5-fold, ali of 
the rematning fluorescence origmat.ng from the 7-hydroxycoumann as „s emission 
spectrum extends into the green. Twenty-five-fold quenching of the donor in the 
substrate is equivalent to an efficiency of fluorescence energy transfer of 96o/.. This lar^e 
fluorescence change upon P-lactam cleavage can readtly be used to detect P-lactamase ,n 
the cytoplasm of living mammalian cells. 

- The 7-hydroxycoumann moiety in the cephalosponn was determmed to 
have a fluorescence quantum efflc.ency in the absence of the acceptor of 98-100o/o This 
value was determmed by companng the integral of the corrected fluorescence em.ssion 
spectrxun of the dye wuh that of a solution of 9-ammoacndine hydrochloride tn water 
matched for absorbance at the excitation wavelength. It follows that 7-hvdroxycoumann 
.s an Ideal donor dye. as virtually every photon absorbed by the dye undergoes 
fluorescence energy transfer to the acceptor. 

Example 2 - Use of a p Lactamase substrate 

Cells of the T-cell lymphoma line Jurkat were suspended in an isotonic saline 
solution (Hank's balanced salt solution) containing approximated 10- P-lactamase 
enzyme molecules per milliliter (approximately I.7nM; Pemcillinase 205 TEM R', from 
Sigma) and 1 mg/ml rhodamme conjugated to dextran (40kd) as a marker of loading The 
suspension was passed through a syringe needle (30 gauge) four times. This causel 
transient, survivable disruptions of the cells' plasma membrane and allows entty of 
labeled dextran and P-Iactamase. Cells that had been successfullv per^eabilized 
contamed P-lactan.ase and were red fluorescent when illuminated at the rhodam.ne 
excitation wavelength on a fluorescent microscope. The cells were incubated with 5^M 
nuorogenic P-lactamase substrate. CCF2/ac.AM.,. at room temperature for 30 minutes 
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Iliumination with violei light f405nm) revealed blue Huorescent and green riuorcscerii 
cells. All cells that had taken up the marker rhodamine-dexrran appeared fluorescent 
blue, while cells devoid the eaz>Tne appeared fluorescent green. 

Example 3 - Use of a P Lactamase substrate 

Cells from cell lines of various mammalian ongin were transiently transfected 
with a plasmid containing the RTEM p.Iaciamase gene under the control of a mammalian 
promoter. The gene encodes cytosolic p-lactamase lackmg any signal sequence and is 
listed as SEQ. ID. 1. 10 to 48 hours after transfection cells were exposed to 5 micromolar 
CCF2/ac,AiM; for 1 to 6 hours. In all cases fluorescent blue cells were delected on 
examination with a fluorescence microscope. Not a single blue fluorescent cell was ever 
detected in non transfecced control cells. To quantitaie the fluorescence measurements 
the cells were first viewed through coumarin (450 DF 65) and then fluorescein (515 

were recorded with a charge couple device camera. 
The average pixel intensities of CCF2 loaded transfected cells (blue) and controls (green) 
at coumann and Quorescein wavelength in COS-7 (Table 2) and CHO (Table 3) cells are 
summarized; values for 4 representative cells for each population are given. Thus, the 
substrate CCF2 revealed gene expression in single living mammahan cells. Substrate can 
be loaded using Pluron:c formulations (see Molecular Probes Catalog) using polyethylene 
glycol. 
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Table 1 

COS-7 (origin. SV40 transfomied African 
Table of pixel intensities 



Blue cell 



#2 
"J 



green monkey kidney ceils) 

coumann emission fihcr c-..,^- 

'-^^ Fmorcscem emission t:lter 

20 



Green cell 



34 
31 

22 
4 

4 

5 
3 



23 
31 

^3 
42 
20 
24 



Table of pixel intensities 
Blue cell #1 

sf2 
#3 



Green cell 



Table 2 

CHO (ongin: Chinese harmtcr ovary ceils) 
coumann emission filter 



Fluorescein emission filter 



98 




112 


70 




113 


76 




92 


56 




67 


9 




180 


-9 




102 






101 


9 




83 



Example 4 - Expression of Ga„ and Ga,« in Cells 

This example illustrates that, although constitutive expression of Ga, or Ga a- 
high levels .s tox,c to cells, expression of Ga„ or Ga„ from a gene that is controlled bv 
an inducible promoter, is tolerated by the cells. For cons«tutive or inducible expression 
of Ga„ or Ga.,. the genes encoding each olthese subunits were placed, separately, under 
the control of a cytomegalovirus promoter in the plasm.ds pcDNA3Gal5. pcDNA3Gal6 
JVector PCDNA3 available from Invitrogen. Inc.. Del Mar. CA.). pdEF-BOSGal 5 and 
pdE F.BOSGal6 (For pd BOSG. see Gossen and Bujard. 1992. Proc. Natl ^cad Sc. " 



38 



BNSDOCID <WO 9748fi20Ai 1 > 



wo 97/48820 



FCT/US97/ 10642 



S;9:5547-555 I , also avaiiable from Clontechj To construct pdEF-BOSG 1 5 and pdEF- 
BOSG 16. sequences encoding the G subunii were insened into pdEFBOS at its EcoRI 
and NotI sues. The piasmid pdEFBOS was denved torn pEFBOS by removing the 
Hindlll fragment containing the SV40 On (see Mizushima and Nagata, 1 990. Nucl . 
Acids. Res . IS). Each of these plasmids was used to transfect COS-7 cells, according to 
conventional protocols, and each piasmid earned a neo gene, which confers resistance to 
G418. As IS suramarized m Table 3, approximately 150 G418-resisiant clones were 
generated, yet none of the clones was able to express a promiscuous G-protein. The 
abihty of a cell to express a promiscuous G-proiein was determined by Western blot 
analysis using an antibody that binds a peptide having the amino acid sequence 
RPSVL.ARYLDEINLL (SEQ [D NO: 5) (Amatruda et a!., 1991, Proc. Natl. Acad. Sci. 
88:5587-5591). These data show that constitutive expression of a promiscuous G-protem 
under the conrrol of a strong promoter is not tolerated by COS-7 ceils. Constitutive 
expression of promiscuous G proteins at high levels may lead to constant accumulation of 
inositol phosphates or metabolites, which may be toxic to cells. 

Table 3 



High-Level Constitutive Expression of Promiscuous G-Proteins is not Tolerated 



Construct 


Sclccnon 


G4 1 S-resistanc 
clones picked 


Clones expressing Ga,,^,e, 


PcDNAjGalS 


G418 


53 


0 


PcDNA3Gal6 


G418 


4S 


0 


pdEF-BOSGal5 


G418 


36 


0 


pdEF-BOSGal6 


G418 


19 


0 



The data summarized herein indicate that, although cells may not tolerate 
constitutive expression of promiscuous Ga proteins at high levels, they can tolerate 
expression of promiscuous Ga proteins from an inducible promoter. In this case, the 
genes for Ga,5 and Ga.^ were placed under the control of a cytomegalovirus fCMV) 
promoter that was operably linked to a heptamenzed tet operator (Gossen and Bujard, 
1992, Proc. Natl. Acad. Sci. 89:5547-5551). The piasmid encoding Gaand; the piasmid 
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lese 



encoding Ca,, are identical, except sequences encoding Ga.,, m heu of Ga„. Th< 
plasmids were used to transfer COS-7 cells. These ceiis were co-transfected w„h a 
tetracycl.n-dependent transacfvator. nTA. that ,s operably linked to a CMV promoter of 
a piasmid that cames a neomycin resistance gene (Gossen et al.. 1995. Science 268: 1 76^ 
1769). 

Expression of the Ga genes was induced by contacting the cells with doxycyclm. 
a tetracyclin analog. In these expenments. the doxycyclin concentration was 3g/m]! 
although doxycyclm concentrations ranging from 0.01 to 10 ^/m'l can be used in order to 
regulate the level of gene expression. Of 17 hygromycin-resistant clones that were 
analyzed. 2 clones showed doxycyclin-dependent expression of Ga., or Ga., by Western 
blot analysis as descnbed above. Fig. 3 illustrates that, .n the presence of doxycyclin. 
expression of Ga„ or Ga„ is detectable as a band of approximately 43 kDa. This 
expression system provides low levels of constitutive e.xpression of Ga„ or Ga, .(e.g.. 
less than 100 Ga protems/cell). yet expression of the Ga protein is highly inducible.^ Up 
to 10.000 Ga proteins/celi are produced upon induction of gene expression. As a control. 
COS-7 cells that lacked the Ga gene were analyzed, and Western blot analysis indicated 
that the control cells did not express Ca„ or Ga,, In sum. these expenments 
demonstrate that stable cells can be produced by employing an inducible promoter that 
provides (a) low levels of const.mtive expression (i.e.. producing less than approximatelv 
100 Ga protems/cell). and (b) high levels of induced expression (i.e.. producing 
approximately 10,000 Ga proteins/cell). 

Example S - Detection of Ga Protein Activity by Detection of Fluorescence Emission 

These examples demonstrate that activation of a Ga protem in a cell, and a 
change in expression of a reponer gene, can be detected by a detecting a change in 
nuorescence emission of a sample that_includes the cell. These examples employ Jurkat 
T lymphocytes that were transfected with a genetic construct that expresses a reporter 
gene. The genetic construct includes a NT AT promoter, which is responsive to increased 
calcium levels and protem kinase C activation that result from activation of Ga protein 
The NT AT promoter was operably linked to a p-lactamase reponer geae. To detect 
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expression of the reporter cene. and thereby detect activation ofGa, the cells were 
coniacted with the P-laciamasc substrate CCF2ac,/AiVK (descnbed herein), and 
fluorescence emission was detected according to previously descnbed methods CTsien et 
al., 1993. Trends in Cell Biology 3.242-245). 

Two different compounds, ionomycm and phorbol mynstate acetate fPMA), were 
used to optimize detection of expression of the reponer gene in these examples. In the 
first example, the dose response to ionomycm was measured. In this example, a sec of 
samples of cells were contacted with PMA (at 3ruVI) and the calcium lonophore 
ionomycin (at vanous concentrations, ranging from 0 to 3.0|aM). Ionomycm increases 
calcium levels inside of the cells, and thereby increases the probability that activation of a 
G-protein, and a G-protein-mediated increase in calcium levels, will activate expression 
of a reponer gene (e.g., a P-lactamase gene) that is operably linked to a calcium- 
responsive promoter (e.g., a NT AT promoter). 

In practicing these methods, it is preferable to add the ionophore to a level that is 
just below the threshold level for activation of the calcium-responsive promoter (e.g., the 
NFAT promoter). Expression of the reponer gene then is activated by activation of the 
Ga protein, and the subsequent rise in intracellular calcium levels. As is illustrated in 
Fig.4A, fluorescence emission from a sample of the aforementioned cells can be 
measured by FRET. In this example, fluorescence emission was measured approximarelv 
90 minutes after stimulation. Because the fluorogenic p-lactamase substrate undergoes a 
shift in fluorescence emission, fluorescence emission is measured as an emission ratio 
(450/530) when exciting at 400nm. This figure also illustrates that an ionomvcm 
concentration of approximately 0.3|aM is preferable for increasing the intracellular 
calcium level to a level that is just below the threshold level for activation of the calcium- 
responsive promoter. 

In a second example, the dose response of PMA required to stimulate NFAT- 
dnven expression was measured. Although PMA. does not, by itself, affect NFAT- 
regulated gene expression, it potentiates a cell's response to an increase in calcium levels. 
In this example, a set of cells was treated with ionomycm (at luM ionomycm) and PMA 
(at various concentrations, ranging from 0 to 30nM). As above, fluorescence emission 
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svas measured 90 mmutes after stimulation. As ,s illustrated m F.g. 4B. increasmy 
concentrations of PMA increased nuorescence emission from the cell sample. Thus, 
trearmg the cells wuh PMA enhances detection of expression of the reponer gene. This 
example also illustrates that a PMA concentration of approximately 3nM is preferable for 
enhancing detection of . expression of a reponer gene. 

Example 6 - Monitoring Activation and Inhibition of GPCR activity with an iVFAT 
P-Lactamase Assav 

to 

This example demonstrates that activation of a GPCR (Gq receptor subtype) can 
be detected wuh an NT AT 3-Iactamase assay, which :s an exan^ple of signal transducnon 
detection system based on a calcium-responsive promoter transcnption based assay. 
Stable cell Imc (production of descnbed herem) contammg Gq-type GPCR receptor 
expresses P-Iactamase in response to the addition of the agomst. The Gaq protem was 
endogenously expressed. This response is inhibited by an antagonist. Jurkat clones 
expressmg NTAT-Pla were n-ansfected with expression vectors contaming the Gq 
receptor and neomycin resistance gene (double transfecuon). The transfected population 
was neo-selected and soned by FACS for clones responding to the GPCR a-omst. For 
the e.xpenments shown, cells were stimulated for three hours wuh the indicated ligands. 
Cells were then loaded with fi-lactamase substrate CCF2/ac2AiM for 1 hour, washed, 
dispensed mto wells of a microliter plate (100,000 cells/well) and the blue/green ratio was 
recorded by a plate reader. 

FIG. 6 demonsn-ates a twenty-fold change in signal upon receptor activation w.th 
an agonist (samrating dose 100^M). A receptor antagomst (lO^M) completely inhibited 
the agonist activation of the receptor. 

Example 7 - Monitoring Activation of GPCRs with a Calcium Dye (transiently 
transfected cells) 

This example demonstrates that activation of GPCRs (Gs and Gi receptor 
subtypes) can be detected with an intracellular calcium indicator transiently transfected 
cells, which is an example of a signal transduction detection system based on chane 
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intracellular ions. The cells used were transiently transfccicd with r\vo construcis. 4\' 
lO'CHO-Kl cells were seeded on 35 mnri pctri dishes one day before transfcction. 5 i^g 
plasmid DNA and 12 u\ lipofecranr^ine were added for each d:sh using the stand metiiod. 
In some cases. pBluescnpts (-) or KS'plasm.id was used to keep the amount of DNA 
consistent between each transfection. 20 h later, the cells were stained with 10 mM Fura- 
PE3 (Molecular Probe) for 3 h. Imaging analysis of calcium was performed to measure 
the [Ca-*} signal mediated by the agonists addition. 

Following imaging data show that the promiscuous Ga 1 6 couples a Gs-receptor 
and a Gi-receptor in CHO-Kl cells following transient transfections. The data also show 
that promiscuous Ga protein can change the effector downstream of the GPCR. Panel A: 
60 seconds after stanmg of the expenment» 10 uM agonist solution was added to the ceils 
iransfected by-pCIS/Gal6 (CMV promoter) and Gs-recepior (CMV promoter) expression 
piasmids. Panel B: 60 seconds after startmg of the .experiment. 10 agonist solution 
was added to the cells transfecced by pCIS/Ga 16 alone. Panel C: 60 seconds after 
starting of the expenment, 10 uM agonist solution waF added to the _cells transfected by 
Gs receptor expression plasmid alone. Panel D: 60 seconds after startmg of the 
experiment, 10 uM agomst solution was added to the cells transfected by pCIS/Gal6 and 
Gi-receptor expression piasmids. Panel E; 60 seconds after staning of the experiment, 10 
-^lM agomst solution was added to the cells transfected by pCIS/Ga I <^ alone. Panel F: 60 
seconds after stanmg of the experiment, 10 agonist solution was added to the cells 
transfected by Gi-receptor expression plasmid alone. 

Example 8 - Monitoring Activation of a GPCR with a Calcium Dye (stablv 
transfected cells) 

— This example demonstrates that activation of a GPCR (Gs receptor subtype) can 
be detected with an intracellular calcium indicator in stabTy transfected cells, which is an 
example of a signal transduction detection -system based on changes in mtracellular ions. 
The ceils used were transiently stably with two constructs, Althoush manv cells do not 
^tolerate stable expression of promiscuous Ga protein, such as described herein, 
surpnsmgly even cells thought not to tolerate stable expression of promiscuous Ga 
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prote.n can be sorted using a signal transducuon detection system. Such sorting can be 
performed with a high throughput sorting system, such as a FACS or 96 well tmag.ns 
system. Typically, the frequency of usable stable cells is about 1 to 2 percent of those 
cells screened. Functional assay selection of promiscuous Ga protein/GPCR double 
transfected cells is a preferred method of identifying cells that either tolerate, or 
e.xpress the proper amounts, of promiscuous Ga protein and a GPCR. 

Stable CHO-Kl cell lines expressing Ga 1 5-Hyg alone, the Gs-receptor-Neo alone 
and both the Gal 5 (CMV promoter) and the Gs receptor (CMV promoter) (double 
transfectaon). were generated. 48 h after transfection (descnbed herein for the method of 
Hpofectamine-mediated transfection). media conta.mng Hygromycin (0.5 mg/ml). 
Neomycm (1 mg/ml) or both were added on to the cells to select the stable trLfomiants. 
12-15 days after selection, the stable clones were e.xam.ned using the calcium imacmo 



assavs 



The following imaging data show that the promiscuous Ga 1 5 couples a Gs- 
r.c.,.:c.r :r. CHO-Kl c.!!s follcwi.., s:-! . cell Hne g..e.^a::or.. The data also show that 
promiscuous Ga protem can change the effector downstream of the GPCR. 
Panel A: Calcium imagmg of the Ga 1 5/Gs-receptor dual stable clone-2. 10 agonist 
was added 40 seconds after the stan.ng of the experiment. Panel B: Calcium imaging of 
the Gs-receptor stable clone -2. 10 agonist was added 40 seconds after the sta^m^ of 
the expenment. Panel C: Calcium imagmg of the Gal 5 stable clone-H. 10 agonist 
was added 40 seconds after the staning of the expenment. 

Although the mvention has been descnbed wuh reference to the presently 
preferred embodiments, it should be understood that various modifications can be made 
without depaning ft-om the spint of the mvention. Accordingly, the invention .s limited 
only by the following claims. 
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Nucleotide and Ajnino Acid Sequences of Ga I 5 
(SEQ ID NO*: 2 and SEQ ED NO: 4, respectively) 



5 16 27 36 45 54 
ATG GCC CGC TCC CTG ACT TGG GGC TGC TGT CCC TCG TGC CTG ACA GAG GAG GAG 

Mec Ala Arg Ser Leu Thr Trp Gly Cys Cys Pro Trp Cys Leu Thr Glu Glu Giu 

63 72 81 90 99 108 

AAG ACT GCC GCC AGA ATC GAC CAG GAG ATC .V^i^C AGG ATT TTG TTG- GAA CAG AAA 

Lys Thr Ala Ala. Arg lie As? Gin Glu rie Asn Arg IIe_Leu Leu Glu Cir. Lys 

-1"^ 126 13S 144 153 152 

AAA CX?. GAG CGC GAG GAA TTG AAA CTC CTG CTG TTG CGG CCT CGT GAG AGC GGG 



Lys Gin Glu Axg Glu Glu Leu Lys Leu -Leu Leu Leu 



Gly Pro Gly Glu Ser Gly 



^■^^ 185 198 207 216 

AAG AGT ACG TTC ATC AAG CAG ATG CGC ATC ATT CAC GGT GTG GGC TAC TCG GAG 

Lys Ser Thr Phe He Lys Gin Mec Arg He He His Gly Val Gly Tyr Ser Glu 

225 234 243 252 261 270 

GAG GAC CGC AGA GCC TTC CGG CTG CTC ATC TAC- CAG AAC ATC TTC GTC TCC ATG 



Glu Asp Arg Arg Ala Phe Arg Leu Leu He Tyr Gin Asn 



He Phe Val Ser Met 
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279 



293 



257 



30 



3 15 



CAG CCC ATC ATA GAT GCG ATG GAC CGG CT 



C AG 



A'^c Aoo 



3 2-1 



Gin Ala Met lie Asp Ala Met A^p Arg Leu Gin lie Pro Pne Ser Ar 



g Pro AsD 



-^-i^ 351 360 369 373 

AGC .\AG CAG CAC GCC AGO CTA GTG ATG ACC CAG GAC CCC TAT AAA GTG AGC ACA 



5er uy3 Gin His Ala Ser Leu Vai Hec Thr Gin A 



sp-Pro Tyr L/s-Val Ser Thr 



387 396 405 414 423 ' 432 

TTC GAG AAG CCA TAT GCA GTG GCC ATG CAG TAC CTG TGG CGG GAC GCG GGC ATC 

Phe Giu Lys Pro T^/r Ala Val Ala Met Gin T-yr Leu Trp Arg Asp Ala Giy He 

450 459 463 477 486 

C-T CCA TGC TAC GAG CGA AGG CGT GAA TTC CAC CTT CTG GAC TCC GCG GTG TAT 



Arg Ala Cys Tyr Giu Arg Arg Arg Glu Phe H 



is Leu Leu Asp Ser Ala Val Tyr 



504 513 522 531 540 

TAC CTG TCA CAC CTG GAG CGC ATA TGA GAG GAC AGC TAC' ATC CCC ACT GCG CAA 



Tyr Leu Ser His Leu Glu Arg He Ser Glu Asp Ser Tyr II 



e Pro Thr Ala Gin 



5*15 558 567 576 585 594 

GAC GTG CTG CGC ACT CGC ATG CCC ACC ACA GGC ATC AAT GAG TAC TGC TTC TCC 

Asp Val Leu Arg Ser Arg Met: Pro Thr Thr Gly He Asn Glu Tyr Cys Phe Ser 

€21 - 630 639 648 

GTG AAG AAA ACC AAA CTG CGC ATC GTG GAT GTT GGT GGC CAG AGG TCA GAG CGT 



Val Lys Lys Thr Lys Leu Arg He Val 



Asp Val Gly Gly Gin Arg Ser Glu Arg 
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675 6a-» i-.-i 

AC= AAA TCG ATT CAC TCT TTC GAG AAC CTG ATT CCC CTC ATC TAC CTG CCC TCC 

Arc Lys Trp lie His Cys Phe Giu Asn Val He Ala Leu He Tyr Leu Ala Ser 

720 729 -738 747 73€ 

CTG AGO GAG TAT GAG GAG TGC CTA GAG GAG AAC GAT CAC GAG AAC CGC ATG GAG 



Leu Ser Glu Tyr Asp Gin Cys Leu Giu Glu Asn 



Asp Gin Giu Asn Arg Mec Giu 



^■'^ ■'BJ 792 801 810 

GAG ACT CTC GCT CTG TTC ACC ACG ATC CTA GAG CTG CCC TGG TTC AAG AGC ACC 



Glu Ser Leu Ala Leu Phe Ser Thr 11 



e Leu Glu Leu Pro Trp Phe Lys Ser Thr 



837 . B4o ess 864 

TCG GTC ATC CTC TTC CTC AAC AAG ACG GAC ATC CTG GAA GAT AAG ATT CAC ACC 



Ser Val 11- Leu Phe Leu Asn Lys Thr Asp He Leu Glu Aso Lv 



s He His Thr 



^■'^ 882 891 900 909 918 

TCC CAC CTG GCC ACA TAC TTC CCC AGC TTC CAG GGA CCC CGC CGA GAC CCA GAG 



Ser His Leu Ala Thr Tyr Phe Pro S 



er Phe Gin Gly Pro Arg Arg Asp Aia Giu 



^^"^ '-iS 954 9S3 972 

GCC GCC AAG AGC TTC ATC TTG GAC ATG TAT CCG CGC CTG TAC GCG AGC TGC GCA 



Ala Ala Lys Ser Phe He Leu 



Asp Mec Tyr Ala Arg Val Tyr Aia Ser Cys Al, 



990 999 looe .1017 1026 



GAG CCC CAG CAC GCT GGC AGG AAA GGC TCC CGC CCG CGC CGC TTC TT 



C GCA CAC 



Giu Pro Gin Asp Gly Gly Arg. Lys Gly Ser Arg AXa Arg Arg Phe Phe Ala Hi 
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^^-5 10-**i 1053 1062 1071 1060 

TTC ACC TCT OCZ ACG GAC ACG CAA AGC GTC CGC AGC GTG TTC AAC GAG GTG CGG 

Pne Thr Cys Ala Thr A3p Thr Gin Ser Va 1 Arg Ser Va 1 Phe L/g Asp Vci r Ara 

1089 1098 1107 . 1116 112S 

GAC TGG GTG CTG GCC CGG TAG CTG GAC GAG ATC AAC CTG CTG TGA 



Asp Ser Val Leu Ala Arg Tyr Leu Asp Glu lie Asa Leu Le: 



u * • 



Nucleotide and Ajnmo Acid Sequences of G 16 
(SEQ ID NO: I and SEQ ID NO: 3, respectively) 



9 18 27 36 45 54 

ATG GCC CGC TCG CZZ ACC TGG CGC TGC TGC CCC TGG TGC CTG ACG GAG GAT GAG 



Mec Aia Arg Ser Leu Thr Trp Arg Cys Cys Pro Trp Cys Leu Thr Glu Aso 



Glu 



53 12 81 90 99 *108 

AAG GCC GCC GCC CGG GTG GAC CAG GAG ATC AAC AGG ATC CTC TTG GAG CAG AAG 

Lys Aia Ala Ala Arg Vai Asp Gin Glu He Asn Arg lie Leu Leu Glu Gin Lys 

117 126 135 144 153 162 

AAG CAG GAC CGC CGG GAG CTG AAG CTG CTG CTT TTG GGC CCA GGC GAG AGC GGG 



Lys Gin Asp Arg Gly Glu Leu Lys Leu Leu Leu Leu Gl 



y Pro Gly Giu Ser Gly 



171 130 189 199 207 ' 216 

AAG AGC ACC TTC ATC AAG CAG ATG CGG ATC ATC CAC GGC GCC GGC TAC TCG GAG 

Lys Ser Thr Phe He Lys Gin .Yec Arg Zle He His Gly Ala Gly Tyr Ser Glu 

♦ 

225 234 243 252 261 
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GAG GAG CCC AAC GGC TT" CGG CCC CTG GTC TAG GAG AAC ATC TTC GTG 7ZZ ATG 

Glu Glu Arg Lys Gly Phe Arg Pro Leu Val Tyr Gin Asn lie Phe Va 1 S^r Mec 

2^9 ■ 288 297 3O6 UB 324 

CGG CCC ATG ATC GAG GCC ATG GAG CGG CTG CAG ATT CCA TTC AGC ACG' CCC GAG 

Arg Ala Mer lie Glu Ala Met Glu Arg Leu Gin lis Pro Phe Ser Arg Pro Glu 

333 342 3SI 360 359 378 

AGC AAG CAC CAC CC7 AGC CTG GTC ATG AGC CAG GAC CCC TAT AAA GTG ACC ACG 



Ser Lys His His Ala Ser Leu Val Met Ser Gin 



Asp Pro Tyr Lys Val Thr Th, 



38'' 396 405 4 14 423 432 
TTT GAG AAG CGC TAC GCT GCG CCC ATG CAG TGG CTG TGG AGG GAT GCC GGC ATC 

Phe Glu Lys Arg Tyr Ala Ala Ala Met Cln Tr? Leu Trp Arg Asp Ala Gly lie 

HI 450 459 468 477 " 486 

CGG GCC TGC TAT GAG CGT CGG CGG GA.A TTC CAC CTG CTC CAT TCA GCC GTG TAC 

Arg Ala Cys Tyr Glu Arg Arg Arg Glu Phe Kis Leu Leu Asp Ser Ala Val Tyr 

504 513 522 531 540 

TAC CTG TCC CAC CTG GAG CGC ATC ACC GAG GAG GGC TAC GTC CCC ACA GCT CAG 



Tyr Leu Ser His Leu Glu Arg He Thr Glu Glu Gi 



y Tyr Val Pro Thr Ala Glr. 



558- 567 S76 58S 594 

GAC GTG CTC CGC AGC CGC ATG CCC ACC ACT GGC ATC AAC GAC TAC TGC TTC TCC 



Asp Val Leu Arg Ser Arg Mec Pro Thr Thr Gly :ie Asn Glu Tyr Cy 



s Phe Ser 



621 630 639 648 

GTG CAG AAA ACC AAC CTG CGG ATC GTG GAC GTC CGG GGC CAG AAG TCA GAG CGT 
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Val Gin Lys Thr Agh Leu Arg He Val Azp Val Gly Gly Gin Lyz Ser Ciu A 



ra 



^^"^ ^66 675 664 69 3 702 

AAG AAA TGG ATC CAT TGT TTC GAG AAC GTC ATC GCC CTC ATT TAC CTC I'^C T-A 

Lys Lys Trp lie His Cys Phe Glu Asn Val lie Ala Leu lie Tyr Leu Aia Ser 

711 720 729 736- 747 755 

CTG AGT GAA TAC GAC CAG TGC CTG GAG GAG AAC AAC CAG GAG AAC CGC ATG AAG 



Leu Ser Glu Tyr Asp Gin Cys Leu Glu Glu Asn Asn Gin Giu 



Asn Arg Mec Ly: 



-^^^ 783 792 801 840 

GAG AGC CTC CCA TTG TTT GGG ACT ATC CTG GAA CTA CCC TGG TTC AAA ACT ACA 



Glu Ser Leu Aia Leu Phe Gly Thr He Leu Glu Leu 



P'O Trp Phe Lvs Ser Thr 



819 828 837 846 855 8S4 

TCC GTC ATC CTC TTT CTC AAC AAA ACC GAC ATC CTG GAG GAG AAA ATC CCC ACC 

Ser Val lie Leu Phe Leu Asn Lys Thr Asp lie Leu Glu G1-- Lys He Pzo Thr 

^■'^ ' 882 aSl 900 909 918 

TCC CAC CTG GCT ACC TAT TTC CCC AGT TTC GAG GGC CCT AAG CAG GAT GCT GAG 

Ser His Leu Ala Thr Tyr Phe Pro Ser Phe Gin Gly Pro Lys Gin Asp Ala Giu 

936 945 954 963 972 

GCA GCC AAG AGO TTC ATC CTG GAC ATG TAC ACG AGG ATG TAC ACC GGG TGC CTG 



Ala Ala Lys Arg Phe lie Leu Asp Met: Tyr Thr Arg Met Tyr Thr Gly Cys Val 

981 990 999 loog , ^^j, ^g,, 

GAC GGC CCC GAC GGC AGC AAG AAG GGC GCA CGA TCC CGA CGC CTT TTC AG? CAC 
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AG? Gly Pro Gla Gly Ser Lys Lys Giy Ala Arg 5er Arg Arc Lei. Phe 



1044 1053 1062 :071 iC80 

TAC ACA TCT GCC ACA GAC ACA CAG AAC ATC CCC AAG GTC TTC AAG GAC CTC; CGG 

Tyr Thr Cys Ala Thr Asp Thr Gin Asn He Arg Lys Va 1 Phe Lys Asp Va 1 Az:, 
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1089 1098 1107 1116 112S 

GAC TZG GTC CTC GCC CGC TAG CTG GAC GAG ATC AAC GTG CTG TGA 

Asp Ser Va I Le-^ Ala Arg T"/r Leu Asp Glu lie Asn Leu Leu 
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What is claimed is: • 

1 A stable, isolated cell compnsing a construct with a promoter operahly hnked to a 

polynucleotide encodmg a polypepc.de havmg a biologxal activity of a promiscuous Ca 
protein. 

2. The cell of claim 1 , wherein said promoter is an inducible promoter. 

3. The cell of claim 2. wherein said construct permits expression in a mammalian cells. 

4 The cell of claim 1 . wherem said polynucleotide has a nucleotide sequence with at least 70% 

sequence ideniny to a nucleotide sequence selected from the group consisting of the 

nucleotide sequence of Ga.,. SEQ ID NO: 1. the nucleotide sequence of Ga„. arid SEQ ID 
N0.2. 

5. The cell of claim 4. wherem said polynucleotide has a nucleotide sequence selected from the" 
group consisting of the nucleotide sequence of a Ga„ (SEQ ID NO: I) and the nucleotide 
sequence of a Ga,^ (SEQ ID N0:2). 

6. The cell of claim 2. wherein said inducible promoter comprises a promoter operably linked to 

a tet operator. _ _ 

7. The cell of claim 6. wherein the inducible promoter composes a cytomegalovirus promoter. 

8. The cell of claim 1 . ftinhcr comprising a second construct comprising a reponer gene 
operably linked to a second promoter, and said second promoter is modulated by a 
promiscuous Ga protein. _ _ " 

9. The cell of claim 8. wherein the reporter gene encodes a reponer selected from the group 
consistmg of luciferase. green fluorescent protein, chloramphemcol acetyl transferase, p- 
galactosidase. alkalme phosphatase. P-lactamase, and, human growth hormone. 

10. The cell of claim 8. wherem said second promoter composes a calcium-responsive promoter. 

1 1. The cell of claim 10. wherem said calcium-responsive promoter composes a nuclear factor of 
_activated T cells promoter." 

12. The cell of claim 1 1 . wherein the reponer gene encodes P-lactamase. 

13. The cell of claim 8. wherem said second promoter comprises a protem kinase C- responsive 
promoter. 

-44. The cell of claim 13, wherein the reporter gene encodes p-lactamase. 
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1 5. The ceii of ciaim 1 , wherein said cell funher compnses a G-protcm coupicd receptor 
t'GPCR). 

• !6. The cell of claim 16. wherein said ccl! funher compnses a polvnucleotidc encodin- a GPCR 
and not naturally occurring in said cell. 

I 7. The ceil of claim 8, wherein said cell funher compnses a polynucleotide encodiniz a GPCR 
and not naturally occurring in said ceil. 

IS. .An isolated cell comprising a construct with a calcium-responsive promoter operabiy linked 
to a polynucleotide encoding a reporter gene, wherein said isolated cell expresses a target 
protein, said calcium-responsive promoter is modulated by said target protein and with the 
proviso that if the function of said target protein is known, said cell is exposed to a test 
chemical not previously known to bind to said target protein. 

19. The isolated cell of claim 18. funher comprising a second polynucleotide encoding a 
polypeptide having a biological acuviry of a promiscuous Ga protein and said second 
polvTiucleotide does not namrally occur in said cell. 

20. The isolated cell of claim 19. ftjnher composing a third polynucleotide encoding a target 
protein and said third polynucleotide does not naturally occur in said cell. 

21. The isolated cell of claim 20. wherein said target protein has a biological activity of a 
GPCR. 

22. The isolated cell of claim 20. wherein said target protem has a biological activiry of a protein 
selected from the group of a transcription factor, kinase, ion channel, phosphatase, 
phospholipase and adenyl cyclase. 

23. The isolated cell of claim 20, further compnsing a chemical known to bind to said tar-et 
protein. 

24. The isolated cell of claim 21. further comprising a chemical selected from the group of a 
phorbol ester, thapsigargin, ionomycin and a kinase inhibitor. 

25. The isolated cell of claim 2 1 . further comprising a chemical, other than a chemical m 
normally found in a tissue culture media, not known to bind to said target protein. 

26. The isolated cell of claim 21. further comprising a cell compatible media and said chemical is 
at a concentration of one micromolar or less in said cell compatible media. 

27. A method of identifying a GPCR for a given ligand, the method compnsin-: 
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(i) expressing a putative GPCR in a cell of ciaim 1 or IS. 

(ii) contacting said ceil with a ligand; and 

(iii) detecting reponer gene expression. 

23. The method of claim 27. wherem said detectmg composes fluorescence detection. 

29. The method ofciaim 28, further compnsing contacting said cell with a reponer gene 
substrate. 

30. The method ofciaim 27, further compnsing contacting said cell with a compound that 
increases calcium levels inside said cell. 

31. The method ofciaim 30, wherem said compound is selected from the group consistine of 
ionomycin and thapsigargin. 

32. The m.ethod ofciaim 30, further comprising contacting said cell with phorbol mynstate 
acetate or an analog thereof 

33. A method of a identifying of a ligand for a GPCR, the method compnsmg: 

a) expressing a GPCR in a cell ofciaim 1 or 18; 

b) contacting said cell with a test chemical; and 

c) detecting a signal with a signal transduction detection system. 

34. The method ofciaim 33, funher compnsmg comparing a signal from a first plurality of cells 
in Lhe presence of said test chemical with either: 

a) a signal from a second plurality of cells in the presence of said test chemical, wherein 
said second plurality of cells lack either a promiscuous Ga protein, a target protein or a 
reporter gene, or 

b) a signal from a plurality of cells in the absence of said test chemical, wherein said 
plurality of cells are substantially the same as said first plurality of cells. 

35. The method ofciaim 34, wherein said detecting comprises fluorescence detection. 

36. The method ofciaim 35, wherein said cell comprises a dye. 

37. The method ofciaim 36, wherein said detecting comprises reporter gene detection. 
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38. A method for identifying a modulator of signal transduction in a ceil, the meihod ccmpnsmg: 

a) contacimg a cell of claim 1 or 1 8 with a test chemical; 

b) contacting said cell with a ligand that, m the absence of the test chemical, activates SM^nal 
transduction in said ceil, and 

c) detecting a signal with a siimal transduction detection svstem 

39. A method for identifying modulators of signal transduction in a cell, the method compnsing: 

a) contacting a cell of claim 1 or 1 8 with a compound that directly activates a G subunit 
encoded by a polynucleotide, 

b) contacting said cell with a test chemical, and 

c) detecting a signal with a signal transduction detection system, wherein said signal 
transduction detection system comprises a reporter gene as a measure of sitmal 
transduction in said cell. 

40. The method of claim 39, wherein said compound is selected from the group consisting of 
mastoparan and aluminum fluoride. 

4 1 . A method for identifying a GPCR for a given ligand or method of identifying a modulator of 
a GPCR, the method comprising: 

a) expressing a putative GPCR or a GPCR of known function in a cell of claim I or 18; 

b) contacting contacting said cell with a test chemical or a ligand known to be a GPCR; and 

c) detecting a calcium leveTwithin said cell. 

42. The method of claim 41 , further comprising contacting said cell with intracellular calcium 
indicator and detecting fluorescence jfrom said cell. 

43. A kit comprising assay reagents and a container containing a cell of claim 1 or 18. 

44. A stable, isolated cell comprising a construct with a promoter operably linked to a 
polynucleotide encoding a polypeptide having a biological activity of a promiscuous Ga 
protein. 

45. The cell of claim 44, wherein said promoter is a CMV promoter 

46. The cell of claim 44, wherein said construct permits expression in a mammalian ceils. 

47. The cell of claim 46, wherein said polynucleotide has a nucleotide sequence with at least 
70% sequence identity to a nucleotide sequence selected from the group consisting of the 
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nucleotide sequence of Ga,^, SEQ ID NO: I, the nucleotide sequence of Gu... and SEQ ID 
N0.2, 

48. The cell of claim 47, wherein said polynucleotide has a nucleotide sequence selected from the 
group cpnsisiing of the nucleotide sequence of a Ga,, (SEQ ID NO: I ) and the nucleotide 
sequence of a Ga,^ (SEQ ID NO:2). 

49. The cell of claim 44, funher comprising a second construct composing a reporter gene 
operably linked to a second promoter, and said second promoter is modulated by a 
promiscuous Ga protein. 

50. The cell of claim 49. wherein the reponer gene encodes a reponer selected from the group 
consisting of luciferase, green fluorescent protein, chloramphenicol acetyl transferase, P- 
galactosidase, alkaline phosphatase, P-lactamase, and human growth hormone. 

5 1 - The ceil of claim 50. wherem said second promoter comprises a calcium-responsive 
promoter. 

52. Tne cell of claim 51. wherein said calcium-responsive promoter composes a nuclear factor of 
activated T cells promoter. 

53. The cell of claim 52, wherein the reporter gene encodes P-lactamase. 

54. The cell of claim 5 1 , wherein said second promoter compnses a protein kinase C- responsive 
promoter. 

55. The cell of claim 54, wherein the reporter gene encodes P-lactamase. 

56. The cell of claim 44, wherein said cell funher comprises a G-protem coupled receptor 
(GPCR). 

57. The cell of claim 56, wherein said cell further comprises a polynucleotide encoding a GPCR 
and not naturally occurring in said cell. 

58. The cell of claim 54, wherein said cell further comprises a polynucleotide encoding a 
GPCR and not naturally occurring in said cell. 

59. The cell of claim 58, wherein said cell arises from a cell line subjected to functional cells 
analysis with a signal transduction detection system, 

60. A method of a identifying of a ligand for a GPCR, the method comprising: 
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a) contacting a cell wuh a lest chemicai, wherein said cell is expressing a GPCR and anses 
from a cell line subjected to functional cell analysis with a signal transduction detection 
system; and 

b) detecting a siOTal with a sienal transduction detection svstem. 

61, A method for ident:fying modulators of signal transduction in a cell, the method compnsms: 

a) contacting a cell with a compound that directly activates a Ga protein encoded by a 
polynucleotide, wherein said cell arises from a cell Ime subjected to functional cell 
analysis with a signal transduction detection system, 

b) contacting said cell with a test chemical, and 

c) detecting a signal with a signal transduction detection system, wherein said signal 
transduction detection system compnses a reporter gene as a measure of sicmal 
rransduction in said cell. 

62. A method for identifying a GPCR for a given ligand or method of identifying a modulator of 
a GPCR, the method comprising: 

a) expressmg a_putative GPCR or a GPCR of known function^in a cell, wherem said cell 
anses from a cell line subjected to functional cell analvsis with a signal transduction 
detection system.; 

b) contactmg contacting said cell with a test chemical or a ligand icnown to be a GPCR; and 

c) detecting a calcium level within said cell. 
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Fluorescent P-lactamase substrate (CCF2) 



u 
u 



( excitation at 405 nm ) 




450 



500 



550 



600 



Wavelength [nm] 



FIG. 5 



BNSDOCID *WO„ 974a820Ai i s 



■ wo 97/48820 



6/8 



PCT/l)S97/J0642 



25 



20 - 



£ 
s 



15 - 



10 - 



5 - 



..-3^.:- 'V.*? ■■■■■■ 





Non Agonist 
Stimulated 



Agonist 
+ Antasonist 



FIG. 6 



BNSDOCID <WO 97488?0Al t > 



wo 97/48820 



PCT/US97/ 10642 



2.5 




B 



2.5 - 



o 

1 ' 

OS 



2 



r 



200 400 
Tima 4sac) 



7/8 



600 



200 400 600 

Tim« <s«c) 



800 



D 



o 1.5 



n 

E 
c 

o 



1 - 



o 

<-* 0.5 




= 15 

m 

(C 

E 

c 1 
o 



o _ 
- 0.5 



200 400 
Time (sec) 



600 



200 400 
Tim* (s«c) 



6C0 



3 . 












2.5 


■ 












2 ■ 

o 

OQ 














i ^ 














'^0.5^ 




























0 


200 


400 
Time (sec) 


600 


600 




FIG. 7 



BNSDOCIP -WO_ 9748820A1 i > 



wo 97/48820 



PCTaJS97/10642 



8/8 




1 6 f 

Q 

« 1.2 + 
K 

E 
c 

o 



\ - 



•A 



0 8 4- 
0.6 
0 4 




- 100 



200 
Time (s) 



300 



400 



t.6 



1.4 - 



o 

t;~i.2 

E 
c 

o 



1 



o OB 



0.6 



04 



100 



200 
Tim* (s) 



300 



400 



FIG. 8 



BNSDOCID- <WO 9748a?0Al I > 



INTERNATIONAL SEARCH REPORT 


International application No. 
PCT/US97/10642 


A. CLASSIFICATION OK SUBJECT MATTER 

IPC(6) :CI20 1/00; C12N 5/10. 15/09; 15/70. 15/79. 15/81; C07K 14/705 
US CL :435/7.21. 252.3. 254.11. 325. 320.1; 530/350 
According to Intemation&l Patent CUisiTicAtion (IPC) or to both nationAl cUasificatior 


1 and IPC 


a FIELDS SEARCHED 


Minimum (k>cumefitAiion acarchcd (cUisificAtion ayttem followed by cUttiTication symboU) 
U.S. : 435/7.21, 252.3. 254.11, 325 . 320.1; 530/350 



Docuinenution searched other than minimum documenUtion to the extent that luch documenU.arc included in the fielda learched 



Electronic dau baac conaukcd during the international search (name of daU base and. where practicable, search terms used) 
APS. Biosis. Medline. Dialog. WPI 

search terms: Ga. G-protein coupled receptor, reporter, inducible promoter. ChTV, let. calcium responsive promoter 



I>OCUME?^S CONSIDERED TO BE RELEVANT 



Category* 



Citation of docun>ent, wkh indication, where appropriate, of the relevant passages 



Reievant to claim No. 



X 
Y 



GROSSEN et al. Tight Control of Gene £xpression in Mammalian 
Cells by Tetracycline-Responsive Promoters. Proc. Natl. Acad. Sci. 
USA. June 1992, Vol. 89, pages 5547-5551, especially pages 5548- 
5550. 

WO 93/07294 Al (THE UNITED STATES OF AMERICA AS 
REPRESENTED BY THE SECRETARY, DEPARTMENT OF 
HEALTH AND HUMAN SERVICES) 15 April 1993, pages 6-8 and 
21-24. 

LEE et al. Members of the G, a Subunit Gene Family Activate 
Phospholipase C P Isozymes. The Journal of Biological Chemistry. 
15 August 1992, Vol. 267, No. 23, pages 16044-16047, especially 
pages 16045-16047. 



1-32, 43-59, 62 



1-32, 43-59, 62 



1-5, 15, 16. 43-48 

6-14, 17-32, 49- 
59, 62 



I x| Further documenU arc listed in the continuation of Box C. [ ) See patent family 



aruiex. 



of 



•B" 

.p. 




publiftM afW tb« m»mnm*som»i ftikt^ 6mm or pnonty 
4«t« *ad aoc m eonAiet wtta lb* ^pltrmutm bu( ett*d to 

or 



»ay 4owb«» on prtonry ohM<i) or vhMk ii 

b«b lb* pwb b at>ow d»t* of ftootbar ottBtna or 



I or oaanm b* oooudand to btoH* an «>v«etf«* ump 



•M rmt*rrm% lo «a oral di»cko*urt, um. «xiubiooa or o4h«r 
•ol pt«blwh*d pTMv to lh« »t«nMUon»l Tiltfi^ d*t« but }«i*f than 



It of pvtMMlar r»t*«»o«, tb« cWinad MVMtum oucmx b« 
U) mroHm an «i*«oOv« atap wbao lb* doctiaaat w 
cOKibnad witb o<k« or «or« o<bar avkcb docuaaou. luch eoabtaatioo 
bamfl obvtoua to a parvoa kkJlad ui lb a art 



doe^mani nambar of lha aama patent famdy 



Date of the actual complcUon of the intemaiional search 
08 OCTOBER 1997 


Date of mailing of the international tea rch report 

31.10.1997 


Name and maiiine addrcas of the ISAyUS 
Coowniuioner of Patenu and Tradcmvkx 
Box PCT 

Waahingtoo. D C. 30231 
Facaimilc No. (703) 305-3230 


Authorized officer /"""N ^^j^ 

SaUy P. Tcng TT^ 

Telephone No. (703 ) 308-0196 -J^^ 



Form PCT/lSA/210 (second ihcetHJuly 1992)* 



BNSDOCID- <WO 9748820A1 1 - 



INTERNATIONAL SEARCH REPORT 



Inlemationat appUcatton No. 
PCT/US97/10642 



C (Continuauon). DOCUMENTS CONSIDERED TO BE RELEVANT 



Calcgof7* 



X 
Y 



CiuUon of document, with indicaiion. where appropriate, of the rctevant paiaagc* 



OFFERMANNS et al. Ga,j and Ga,^ Couple a Wide Variety of 
Receptors to Phospholipase C. The Journal of Biological 
Chemistry. 23 June 1995, Vol. 270. No. 25. pages 15175-15180. 
especially pages 15176 and 15177. 



Relevant lo claim No. 



1-5, 15, 16, 43-48 

6-14, 17-32. 49- 
59. 62 



Form PCT/ISA/2I0 (continuation of second »hcci)CJuly 1992)* 

BNSDOCID- <WO 9748fl20A1 I > 



INTERNATIONAL SEARCH REPORT 



InternAtionai application No. 
PCT/US97/I0642 



Boi I Obtervarions where certain claims were round unsearchable (Conrinuadon of Item I of first sheet) 



Thia intemalionaJ report has not been csubUshed in rupect of cotAin claims under Article l7f2K*) for the following 

1. £^ Claims No*.: 

becAuac Ihcy rcUie to subject matter not required to be searched by this Authority, namely: 



rcaaona: 



□ 



Claims Nos.: 

because they relate to parts of the international appbcation that do not comply %vith the prvacribcxl rcquircmenu to such 
an extent that no meaningful international search can be carried out, speciTicaUy: 



3. Q CUimsNos.: 

they are cfcymdcnt 



and are not dnfted in aooonknoe with the second and Child 

-Bob H Ob— rvatioas wti ara unity of lavaatioa U lacking (Con tin Nation of Itam 2 of first ahaat) 
This Intemationai Searching Authority found multiple inventions in this intemaiionai application, as follows: 
Pleaac See Extra Sheet. 



of Rule 6.4(a). 



I. 



2. 



I I ^ ^ required additional seareh fees were timely paid by the applicant, this intemationai search 
claims. 



report coven all searchable 



As all searehabke claims could be searehed without effort justify 
of any additional fee. 



ing an additional fee. this Authority did not invite payment 



□ 

As only sonte of the required additional search fees were timely paid by the spplicant. this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: 



[x] No required additional search fees were timely paid by the applicant. ConaequcnUy. this iniemational seareh report is 
restricted In the invention first mentioned in the claims; it is covered by cUims Nos 
1-32.43-39. 62 _ 



Remark oo Protest 



~| The additional search fees were accompanied by the applicant's protest 

□ 

No protest accompanied the payment of additional search fees. 



Form PCT/ISA/210 (continuation of finl shcetfDXJuIy 1992)* 



BNSDOCIO- <WO_ 974e8?0A1 r > 



INTERNATIONAL SEARCH REPORT 



inlemaaorul ftpplicAtion No. 
PCT/US97/ 10642 



BOX II. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
Thif ISA found multiple invcntioni u foUowt: 

ThU application conui/u ihe following inventions or groups of inventiont which arc not »o linked ta to form a tingle 
inventive concept under PCT Rule 13.1. I 

Group I, cUimt 1-32. 43-59. and 62, drawn to a cell and a method of uaing said ccU. 

Group il, clatnu 33-37, 41. 42. and 60. drawn to a method of identifying a ligand for a G-protcin coupled receptor. 
Group III. claims 38-42 and 61 drawn lo a method of identifying moduUiors of signal transduction. 

The inventions listed as Groups l-lll do not relate to a single inventive concept under PCT Rule 13.1 because, under 
PCT Rule 13.2. they tack the same or corresponding special technical features for the following reaaons: The special 
technical feature of the product of Group I is the oeU comprising a specific oonstrud. The special technical feature of 
Ihe method of Group I is a method of using the cell to identify a G-protein coupled receptor for a speciitc Ugand. The 
special technical feature of the method of Group II is a method of iderUtfying a ligand for a G-protein coupled receptor. 
The special technical feature of Group III is a method of identifying modulaton for signal transduction. The special 
technical feature of each group is not the same as or docs not correspond to the special technical feature of any other 
group because the methods of Groups l-lll require different method steps and starting matenala for achieving different 
goals. The Groups are not linked by a special technical feature within the meauing of PCT Rule 13.2 so as to form a 
tingle inventive concept. Also. PCT Rule 13 does not provide for multiple methods within a single application. 



Form PCT/ISA/210 (extra sbcetXiuly 1992)* 



BNSDOCID rWO 974S820A1 I . 



